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The New York State Museum was organized as the New York 
State Cabinet of Natural History. The scientific collections 
which formed the nucleus of this organization were brought to- 
gether in the course of the Natural History Survey of the State 
of New York which commenced in 1836 and closed by the ren- 
dition of the final reports in 1843. In the organization of that 
survey no provision was made for the conservation or custody 
of such materials as should be acquired by the various members 


of its staff. It was however impossible that scientific results of 


value should be achieved without the aggregation of extensive 
collections. In some measure the speciméns thus brought to- 
gether seem through want of provision for their custody and 
fault of storage facilities, to have passed into the possession of 
the collectors themselves. 

During the progress of the Natural History Survey the Sec- 
retary of State, who was officially charged with its supervision, 
considered that the various collections might be accommodated 
in a room in the third story of the old Capitol by throwing two 
committee rooms into one. This arrangement proving inade- 
quate, in 1840 Governor Seward in response to a memorial from 
the geologists “urging the importance of providing suitable 
rooms or a separate building for the collections made during the 
survey ” recommended that the old State Hall be used for that 
purpose. 

After the close of the survey in 1843 the Governor was au- 
thorized by the Legislature to continue the services of one or 
both of the geologists who were living in Albany, Ebenezer 
Emmons and James Hall, for the purpose of completing and 
arranging the collections of specimens in the old State Hall and 
in accordance with this authority Dr Emmons was for a time 
charged with this arrangement. The building thus referred to 
as the old State Hall followed on the same site the original building 
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erected for state offices in 1797 during the governorship of John 
Jay, and it was made over in 1855 into the present Geological Hall. 

By virtue of an act passed May 10, 1845, and constituting chap- 
ter 179 of the laws of that year, the Regents of the University, 
to whom was committed the care of the “ State Cabinet of Nat- 
ural History” were authorized to make a suitable provision for 
the safe-keeping of the collections and a small appropriation was 
made to defray the expenses of custodianship. Under the au- 
thority thus vested in the Regents of the University, annual re- 
ports were begun upon the condition of the State Cabinet of 
Natural History, the first of these being dated Ap. 11, 1848. The 
administration of the affairs of the natural history collections 
was carried on as an independent charge of the Regents for many 
years, during which period the scientific investigations which 
were being prosecuted by Prof. James Hall in paleontology, Dr 
Ebenezer Emmons in agriculture and geology, and by Dr Asa 
Fitch in entomology were entirely independent of the organiza- 
tion of the State Cabinet. 

The custodianship of the collections was first assigned to John 
Washington Taylor who was succeeded by John Gebhard jr and 
he, in 1859, was followed by Col. Ezekiel Jewett. After seven 
years of service Colonel Jewett resigned and in 1866 Professor 
Hall was made curator of the State Cabinet. 

To this time the development of the museum along truly scientific 
lines had been but slight. The collections had failed to exemplify the 
progress of scientific investigations in the State, and although it was 
supposed that they would continue to be the depository of the 
scientific work still in progress this did not altogether prove to be 
the case. Provision was made for their development afd increase 
only by the most meager annual appropriations and the condition 
aroused the solicitude both of the Board of Regents and of the 
friends of science throughout the State. In 1865 the Legislature 
passed a series of resolutions tending to the expansion of the State 
Cabinet, and following this the Regents of the University ad- 
dressed a letter to numerous scientific men throughout the coun- 
try asking suggestions as to the best mode of putting in force 
the objects of the Legislature as expressed in the resolutions 
referred to. In consequence thereof the Regents in the annual 
report dated 1866 submitted a “ plan for placing the State Cabi- 
net of Natural History in the condition required by the present 
state of science; to maintain it in full efficiency as a museum of 
scientific and practical geology and comparative zoology,” com- 
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-municating therewith replies to their circular letter from various 


scientific men of eminence. The recommendations in this report 


_ became the first steps toward an improved condition and a recog- 


nition of the necessity for regarding the museum as the seat of 
scientific collections which were not to remain stationary but to 
be increased and elaborated in every department. Action upon 


_the report of the Regents was not formally taken by the Legisla- 


ture until 1870 when a law: was passed organizing the Cabinet as 
the “State Museum of Natural History” and appropriating 
$10,000 annually to provide for the salary of the director and his 
assistants and for the increase and preservation of the collec- 
tions; at this time also the additional sum of $1500 was annually 
appropriated for the salary of a botanist. 

The work in the paleontologic and agricultural departments, 


_continued from the old Natural History Survey was, as just 


observed, carried on independently of the State Cabinet, though 
keeping the same rooms therewith in the old State Hall until 
1845. The constantly widening scope and importance of the 
work in paleontology threw upon Professor Hall the necessity 
of finding quarters for the extensive acquisitions in this depart- 
ment, and he provided two buildings at his own cost for the dis- 
position of the immense collections brought together by him 
and for the accommodation of his growing staff of assistants. 

The labors of Dr Asa Fitch as entomologist to the State Agri- 
cultural Society closed in 1870. The State Agricultural Society 
was the direct outcome of the Agricultural Department of the 
original Natural History Survey. In 1874 Joseph A. Lintner, then 
an assistant in the museum, was placed in charge of the entomologic 
work and he was formally appointed State Entomologist by the 
Governor in 1880. 

In 1883, by legislative enactment, the work of the State Mu- 
seum of Natural History, of the State Geologist and Paleon- 
tologist, of the State Botanist and of the State Entomologist was 
brought together under the charge of the Regents of the University, 
each becoming a department of the Museum. Under this provision, 
constituting chapter 355, laws of 1883, a scientific staff was cre- 
ated subject to appointment by the trustees to consist of a di- 
rector “ who may also be State Geologist ” and “ of three assist- 
ants, together with such special assistants as may be necessary, 
whose compensation shall be fixed from time to time by the 
said trustees, together with the State Geologist, State Entomolo- 


fox. aa a . 
gist-and Botanist as these officers are now defined and pro’ 
— for by law.” Ste . acy Be eke F0i 


‘Under this incorporation of the departments into the ¢ : 
organization of the State Museum the scientific staff became in a 
certain definite sense subsidiary or contributory to the general 
functions of the Museum as a depository of scientific collections. 

The same law recognized the fact that the Geological Hall was _ 
insufficient both in capacity and in construction for the accom- | 
modation of the greatly increased collections of the State Mu- 
seum and the scientific work of its departments, and authorized 
the Regents of the University to take possession of the present 
State Hall as its rooms.should be vacated by the state officers 
who were to be accommodated in the new Capitol. In pursu-_ 
ance of this provision several of the rooms in the State Hall were 
in 1886 occupied by the staff of the State Geologist and Paleon- ; 
tologist and by the State Botanist,.and the more valuable and as 
typical portions of the paleontologic and botanic collections re- <= 
moved thereto. It subsequently proved impracticable to acquire | a 
full possession of the State Hall on account of the reluctance of 
its occupants to remove to other quarters, but the office of the 
State Paleontologist and the larger part of the collections in paleon- 
tology have been in this building from that date to the present. 

In 1889 the State Museum was made an integral part of the 
University of the State of New York, and the section of the law 
which specially relates to the affairs of the Museum says “all 
scientific specimens and collections, works of art, objects of his- 
toric interest and similar property appropriate to a general mu- 
seum if owned by the State and not placed in other custody by 
specific law shall constitute the State Museum, and one of its 
officers shall annually inspect all such property not kept in the 
State Museum rooms and the annual report of the Museum to 
the Legislature shall include summaries of such property with 
its location and any needed recommendation as to its safety or 
usefulness.” 

Together with the other departments of the University, the 
Museum became a constitutional body in 1895, and in the re- 
vised University law of 1896 the functions of the organization 
are defined as already given. 

In 1885 Dr John C. Smock was appointed assistant in charge 
of the State Museum under the directorship of Prof. James Hall. 
Prof. James Hall resigned his position as Director of the State 


REPORT OF THE DIRECTOR 1904 9 


Museum in 1894 and was succeeded by Dr F. J. H. Merrill who 
had previously held the position of assistant director from 1890. 
Upon the death of Professor cis in 1898 Dr Merrill was also 
appointed State Geologist. 

In the fusion of the University of the State of New York with 
the Department of Public Instruction by the action of the Legis- 
lature of 1904 and the resultant erection therefrom of the Educa- 
tion Department, the scientific interests of the resultant De- 
partment were constituted a separate division termed the 
Division of Science. The scientific officers of this division, the 
State Geologist and Paleontologist, the State Botanist and the 
State Entomologist constitute heads of sections, and the State 
Museum is‘relegated to its normal and proper function as a de- 
pository of the materials acquired by the scientific corps of the 
division. - The Museum thus resumes the relation to the scien- 
tific work of the State that it had in the first days of its history; 
instead of being itself the titular organization under which sci- 
entific work is carried forward, the scientific work as represented 
by its various department officers is now given paramount im- 
portance. To the directorship of the Division of Science, by 
action of the Commissioner of Education and the Board of Re- 
gents, John M. Clarke, formerly assistant State Geologist and 
Paleontologist and at that time holding the position of State 
Paleontologist, was appointed. At this time also the offices of 
State Geologist and State Paleontologist were recombined 
and united with that of director as had been the condition 
during the tenure of Professor Hall from 1866 to 1894. As at 
present constituted the scientific staff of the Division of Science 
consists of the following officers: the State Geologist and Pale- 
ontologist, the State Botanist and State Entomologist with their 
various assistants and also a mineralogist, zoologist and archeolo- 
gist. The collections in structural geology and economic geol- 
ogy are in the Geological Hall; those in paleontology are chiefly 
in the State Hall, though collections of considerable extent and 
value are also in the Geological Hall; collections in mineralogy, 
the office of the State Botanist and the state herbarium and the 
office of the State Entomologist and his collections and all other 
collections in zoology and biology are in the Geological Hall. 
The collections in archeology are chiefly in the corridors of the 
Capitol on the fourth floor at the head of the western staircase, 
though additional collections of considerable value are in the 


Geological Hall. 


; Rie in} various tne of stieatiGes ae as to! 

crease” the interest and the value of the scientific collections. © ae 
The organization and staff (permanent and temporary)» of the as 

Division of Science as at present constituted are: : 


Administration 
‘enn M. Clarke, Director 
Jacob Van Deloo, ae clerk 


Geology and Paleontology 
John M. Clarke, State Geologist and Paleontoligist 
David H. Newland, Assistant State Geologist 
Rudolf Ruedemann Ph.D., Assistant State Paleontologist 
Henry H. Hindshaw B.S., Assistant in Economic Geology 
D. Dana Luther, Field Geologist 
Herbert P. Whitlock C.E., Mineralogist 
George S. Barkentin, Draftsman 
William S. Barkentin, Lithographer 
Joseph Morje, rst clerk 
H. C. Wardell, Preparator 
Edward C. Kenny, Stenographer 
Clarence A. Trask, Clerk 
Martin Sheehy, Machinist 


Temporary assistants 


PRECAMBRIC GEOLOGY 
Prof. H. P. Cushing, Adelbert College 


STRATIGRAPHIC GEOLOGY 
Prof. A. W. Grabau, Columbia University 
C. A. Hartnagel, Columbia University 
M. J. Goldman, Columbia University 


GEOGRAPHIC GEOLOGY 


Prof. Herman L. Fairchild, University of Rochester 
Prof. J. B. Woodworth, Harvard University 


be ited States CUbAGE Survey i . : 
Columbia University 2 ee: AL PS a 
rick Brau un, Brooklyn 


aes 4 


mae 


Temporary assistant 
ie <j Perea H. Burnham, Glens Falls 


Entomology 


— Ephraim Porter Felt B.S. D.Sc., State Entomologist 
D. B. Young, Assistant State Entomologist 
Z I. L. Nixon, Assistant 

Anna M. Tolhurst, Stenographer 


a _ George W. V. Spellacy, Page 
i v Temporary assistants 
g Prof. J. G. Needham, Lake Forest University 
Prof. Herbert Osborn, Columbus O. 
E. P. Van Duzee, Buffalo 

Zoology 


Frederick C. Paulmier M.S. Ph.D., Zoologist 


Temporary assistant 


William C. Richard, Waterford 


Archeology 
William M. Beauchamp S.T.D., Archeologist 
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The director’s report is substantially a presentation of the 
reports of the heads of the various scientific sections and these 
I submit herewith. They are followed by a general statement as 
to the condition of the scientific collections. 


GEOLOGY AND PALEONTOLOGY 

The duties of the geologist and paleontologist divide themselves 
into field operations and office work. In view of the small number of 
workers on the permanent scientific staff it has been our practice to 
enlist, so far as our appropriations and the enthusiasm of others have 
permitted, the services of temporary aids recognized as expert 
in their various lines of scientific interest. With such assist- 
ance we are able to meet, in some measure, the demand for the 
more exact knowledge of our geologic formations and mineral 
deposits commensurate with the area and growing commercial 
interests of the State. It is the good fortune of the State to have 
been able to enlist in this scientific enterprise so many workers 
of distinguished ability and recognized authority, and it is a 
source of congratulation that circumstances permit us to avail 
ourselves of so high a grade of scientific talent without involv- 
ing the State in any serious obligation therefor. To these gen- 
tlemen we owe much, for sométimes their work is carried on 
wholly without remuneration and at others for a compensation 
so insufficient that the pleasure and satisfaction in doing the 
work has remained the chief return from their labors. 


Operations in the field 
Precambric geology 

Geology of Long lake quadrangle. Prof. H. P. Cushing, who 
for several years has been concerned with the study of the crys- 
talline rocks of the Adirondacks, has this year devoted his time 
to the areal mapping of the Long lake quadrangle. This work 
was substantially finished. 

The Long lake quadrangle is centrally located in the mountain 
region and is of exceptional interest in that practically all the 
Precambric formations of the Adirondack area are there pres- 
ent with their characteristic topographic expression. The north- 
eastern part of this quadrangle is occupied by an extensive mass 
of anorthosite, the northwestern by an equally large mass of 
syenite, their boundary running southeast across the area for a 


Io miles. The boundary has been carefully followed 
d plotted. Both of these masses become more obscure and 
ssoid near their edges, and the usually weathered phases of 
ig _ the resulting rocks are closely alike and difficult to distinguish 
in the field. Considerable masses of syenite are found within 
the anorthosite area, and the reverse is also true. It is not pos- 
sible that both were extruded at the same time but decisive evi- 
dence has not been acquired, although in all probability the 2 
-syenite is the younger. The syenite is frequently cut by a F 
younger granite, small dikes of which are also found occasionally 
in the anorthosite. 
The southern half of the deldeinpes is AEwpicl by gneisses. 
with an extensive development of the peculiar schists and 
gneisses which are old sediments of Grenville age. Crystalline 
limestones occur with these in some measure. The extensive 
development of the Grenville series in this area was unexpected, 
and it will be necessary to revise our previous views as to the 
__ extent of these rocks in the immediate region of the mountains. 
4 The gneisses are mainly red and biotitic, probably of the com- 
Z _-—«~position of granites though showing a considerable variation. 
3 - With these are amphibolites which locally pass into hyperite 
F 
P 


gabbros of which the amphibolites, in part at least, are a meta- 
morphosed phase. In the southwest the gneisses differ some- 
what and are to some extent involved with the granite. The 
granites are also found cutting the Grenville rocks. | These 
; gneisses are free from admixture with characteristic Grenville 
rocks and seem to represent a whole distinct rock series, though 
no exposures were found which gave any clue to the relations of 
the two. A single large diabase dike was located on Camp island. 

in Long lake. 

In the north half of the sheet the region of the high Adiron-. 
dacks is touched on the east; midway is the low ground of the 
lake belt, here rather poorly defined, west of which are higher 
syenite peaks. On the south the gneisses furnish more rounded 
hills than do the eruptives and the Grenville rocks are mainly 


- found in the valley levels. 


Stratigraphic geology 


Areal maps. The work of producing stratigraphic maps on 
the topographic base has progressed in several parts of the State. 
In these maps we have endeavored to make the stratigraphic 


‘ 
ie 
=~ 
i. 


4 NEW YORK STATE MUSEUM. 


> 


determinations as refined as our knowwledge justifies. Ex- 
perience has taught us that the representation upon maps 
of this scale, of the grouping of the rocks as recognized in 
the older classifications leaves very much to be desired. The 
value of such maps is chiefly their usefulness to the student of 


local conditions. They are therefore made to represent such local 
conditions even though these may not appear in adjoining regions. | 


The refined coloration has naturally involved the closest work 
in stratigraphic determinations and it has also introduced an in- 
evitable incongruity in coloration. So far as the color scheme is 
concerned and the number of shades and patterns which the plan 
of the work makes it necessary to introduce, it may be said that 
each map is complete in itself, and probably no color scheme 
could be devised which would be sufficiently elastic to lend itself 
to the production of a series of maps on this scale with the refine- 
ment of stratigraphic determination that we are practising. 

Buffalo quadrangle. The preparation of this map has been 
brought to completion by D. D. Luther. The work was begun 
some years ago by Prof. I. P. Bishop and it seemed well to go 
over the ground again in the hope of making the stratigraphic 
determinations somewhat more detailed. This Mr Luther has 
done and has been aided therein by Professor Bishop. This 
map will be submitted for publication during the coming year. 

Penn Yan and Hammondsport quadrangles. These two quad- 
rangles lie one to the north of the other and have been entirely 
mapped this year by D. D. Luther. This work has been in con- 
tinuation of the Canadaigua-Naples map issued last year and 
the Watkins-Elmira map which is now in press, the former at the 
west and the latter at the east of this region. These quadrangles 
have been taken up in north and south pairs with the idea of covering 
a pretty full sweep of the Devonic rock series. The meridional dis- 
tance represented by one of these double sheets is 35 miles. The 
Penn Yan-Hammondsport map will be issued soon, accompanied 
by an explanation of the stratigraphic determinations there made. 

Rochester quadrangle. The preparation of this map was be- 
gun by C. A. Hartnagel and carried well toward completion. Mr 
Hartnagel has had the benefit of such local cooperation as was 
available and acknowledges his obligation in this regard to Prof. 
H. L., Fairchild and Prof. A. L. Arey. 

Tully quadrangle. This area lies directly south of Syracuse 
and is the chief collecting ground for the students of geology 
and paleontology in that center. The map has been prepared 


paration of a Guide to the Geology and Stratigraphy of the Scho- 


harie Region, Prof. A. W. Grabau has prepared an areal map of 
this region. I have previously referred to the fact that the Schoharie 


creek is the classical ground of New York geology. It was here 
that the Gebhards, father and son, labored before the organiza- 
tion of the geological survey of 1836-42. The classification of 
the rocks in the fine exposures along this creek was adopted by 
the state geologists very much as it had been worked out by the 
Gebhards. To the present time there has been no adequate 
geologic map of the region. 

Professor Grabau’s work in this region was not completed in 
1903. His determinations have carried him in some measure 
afield from the locality referred to in order to coordinate his re- 
sults, and during the early part of the season he made some ex- 
aminations in the country extending from the Indian Ladder to 
Rosendale, Ulster co. Subsequently the Schoharie region was 
reviewed with the object of determining certain points involv- 
ing the genesis of the rock formations and their bearing upon 
the paleogeography of the district. The Schoharie map and the 
report to accompany it are now in course of publication. 

Cobleskill formation. Mr Hartnagel, who had previously re- 
ported upon the extent and characters of this formation from 
Ulster county west to Buffalo, has continued his investigations 
farther to the southeast and to the New Jersey line. The de- 
termination of this formation, which has heretofore been barely 
recognized as a member of the New York series, has constituted 
an important step forward in New York stratigraphy. Lying 
near the border line of the great Siluric and Devonic series it 
has required extremely cautious treatment and Mr Hartnagel’s 
investigations upon this theme have helped to throw light on the 
extension of certain of our formations into New Jersey and have 
indicated the equivalence of some of the New Jersey formations 
with our own. 

The section he has studied with particular attention extends 
from High Falls, Ulster co., southward through Sullivan and 
Orange counties as far-as the Nearpass quarry, which is a short 


; ly in the ie that it may prove of use ‘to the residents c 
‘ of that city and vicinity. I reported last year that the work on 
_ this map was essentially completed and have now to record that | 
the map is issuing from the press and constitutes Museum bul- 
letin 82. 


Geology of the Schoharie region. In connection with the pre- | 
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distance from the state line in New Jersey. At High Falls the 

Cobleskill limestone is underlain by a cement bed and this rests 
on a thin fossiliferous bed of shaly limestone which in a previous 
report has been regarded equivalent to the Wilbur limestone. 
Southwestward from High Falls neither the Cobleskill limestone 


nor any immediately preceding fossiliferous beds have been re- _ 


corded. In New Jersey however the presence of the Cobleskill, 
~which is the equivalent of the Niagara of Dr Barrett, has been 
recognized for some time, and at the Nearpass quarry the Decker 
Ferry beds which lie directly below the Cobleskill are highly 
fossiliferous. Here however there is no cement bed present as 
there is at High Falls. Below the Decker Ferry beds in New 
Jersey lie the Bossardville limestone and the Poxino Island 
shale, but no outcrops of these are to be found in New York in 
Orange county. The Cobleskill and the upper part of the 
Decker Ferry formation are shown in the ledges east of Cudde- 
backville. Northeastward from this section no other outcrops 
of these formations were observed till reaching the village of 
Kerhonkson, Ulster co., where the Cobleskill is seen just north 
of the village. Thence the formation was readily traced to near 
Accord where both the Cobleskill and the Decker Ferry are well 
shown in the railroad cut and the bank of the canal. These ex- 
posures of the Decker Ferry formation are the best that have 
been observed in the State. At Accord no cement is found be- 
low the Cobleskill as at High Falls a few miles to the north- 
east. Thus it is evident that in the comparative short distance 
between High Falls and Accord this cement bed becomes so cal- 
careous as to be changed to a limestone, while the presence of 
the typical Decker Ferry fossils just below the cement at High 
Falls indicates that this cement bed is the stratigraphic equiva- 
lent of a portion of ‘the Decker Ferry formation as developed at 
Accord and farther south. 

Shawangunk conglomerate. A second problem has presented 
itself during the progress of these investigations, namely, the age 
of the unfossiliferous formations lying below the cement and the 
Decker Ferry formation. While the Cobleskill limestone was 
still regarded as equivalent to the Niagaran the underlying forma- 
tions could not be interpreted as later than Medina and Clinton. 
As we now recognize the Cobleskill to be above the Salina, the 
age of these unfossiliferous deposits was brought in question. 
The quartzites and shales resting upon the Shawangunk grit 
and which have generally been correlated with the Medina and 
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Clinton are now regarded as of Salina age. The study of the 
Shawangunk grit throws a shadow of doubt upon the time-hon- 
ored correlation of these beds with the Oneida conglomerate and 
it will be a matter for investigation whether they may not, in 
part at least, represent sedimentation equivalent to a later period, 
possibly of the date of the Salina. 

Stratigraphy of the Watertown region. Some preliminary 
work has been done along the region of the Black river in study 
of the development and subdivision of the Trenton, Black River 
and Lowville limestones. - This work was done by Mr M. F. 
Goldman under the general supervision of Professor Grabau. 
Mr Goldman’s work is based chiefly upon the collections of fos- 
sils made by him and these will be determined with a view to 
carrying out the stratigraphic subdivisions as far as is practica- 
ble. The investigations have indicated that the contact of the 
Lowville limestone with the crystalline rocks is an overlap of 
more ancient sediments transgressing upon the crystallines. 


Correlation studies 


Early Devonic of eastern America. The rapid growth of 
geologic knowledge has long made it evident that problems 
arising from and distinctly pertaining to the geology of New 
York can not be satisfactorily solved from the evidence pre- 
sented within our political boundaries only. Some of the most 
striking developments of New York geology are to be found out- 
side these boundaries, and we have, as occasion required, sought 
this information where it is best presented. The Paleontologist 
has devoted much time and thought to questions relating to the 
origin of the ancient faunas of New-York, their point of ingress 
into the State and their direction of departure from it, problems 
which lead to the reconstruction of our ancient geography and 
the determination of the waterways or marine channels through 
which life circulated freely during the deposition of the New 
York sediments. In pursuance of the objects of these studies 
collections have been made and field work done in the extension 
of the New York rocks to the northeast, into the Province of 
Quebec. Reference has been previously made to these studies 
and we have now brought together from these eastern manifes- 
tations of New York rocks extensive and unique exemplifica- 
tions of our New York early Devonic faunas. 


18 NEW YORK STATE MUSEUM 


The region referred to, so far as its fossil faunas are concerned 
is practically virgin field, and the work that has been done and is 
now under way in view of detailed study has been undertaken 
with the approbation of the official geologists of Canada. The 
work promises well and it is believed will make a fruitful return 
to geologic science. This line of investigation has been substan-_ 
tially aided by volunteer contributions from equally interesting 
and heretofore unexploited localities in northern Maine. It is. 
believed that the near future will enable us to present a some- 
what detailed report upon the data that have thus been acquired. 

Guelph fauna. A year ago we issued a memoir on the Guelph 
formation and fauna in New York. It was the exploitation of 
a practically new member of the New York formations. During 
the past year the operations of the Canadian power companies 
at Niagara Falls laid bare large areas of the river bed and the 
laying of the enormous 18 foot pipes of the Ontario Power Co. 
required tremendous excavations into the bed rock. These 
upper layers of the dolomites lying above the crest of the falls- 
and forming the reefs of the upper rapids have afforded us evi- 
dences of the presence of the Guelph fauna which have not be- 
fore been observed and are therefore recorded in this place. 


Geographic geology 

Hudson and Champlain valleys. Prof. J. B. Woodworth’ has 
continued the investigations begun in a previous year upon prob- 
lems relating to the determination of the postglacial high water 
levels of the northern Hudson valley and the Lake Champlain 
valley, the object of the work being to illustrate the mode and 
direction of outflow and discharge of the glacial and postglacial 
waters of that region and the manner of deposition of the ancient 
shore lines and beaches. In pursuance of this work Professor 
Woodworth entered the field in Clinton county in July, stopping 
at Bellows Falls Vt. for the purpose of examining the terraces of 
the Connecticut river as an aid to the understanding of similar 
features in the Hudson valley and also at Brandon Vt. to inspect 
the decomposed Tertiary and the older rocks in their relations 
to the glacial drift. Examination was made of Trembleau moun- 
tain near Port Kent and of the vicinity of Plattsburg where such 
shore phenomena occur. Three weeks were spent in making a 
detailed contour map of what, in this survey, has been denomi- 
nated “ Cobblestone hill,” a washed ridge of boulders and cobbles 
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near West Chazy, the main features of which have been de- 
scribed and illustrated in a report now in press. Subsequently a | 
reconnaissance was made of certain points on the Vermont side 
of Lake Champlain which led Professor Woodworth to Richford 
and over the international boundary to Abbot’s Corners, Que- 
bec, thence southward to Milton and the basin of the Winooski 
river lying east of the Green mountains. It was ascertained that 
a glacial lake at one time occupied this basin, as probably one 
also did that of the Lamoille river in a similar geographic rela- 
tion to the retreating ice sheet of the Wisconsin epoch. The oc- 
currence of glacial clays in the Winooski valley at higher levels 
than they are found in the Champlain valley appears entirely 
explicable in the view that this lake was in existence while the 
ice in the Champlain valley blocked the discharge through the 
Winooski gap in the Green mountains, thus forcing the lake to 
drain eastward across the head-water region of the Winooski into 
the Connecticut river. As soon as the ice depassed the Winooski 
gorge the lake drained into the glacial predecessor of Lake 
Champlain and fell to its level. A similar history must have at- 
tended the drainage of the Lamoille basin. The high level of the 
lake clays in the Winooski basin therefore does not demand the 
existence of a contemporaneous lake in the Champlain valley at 
so high a level. The reconnaissance served also to make it 
probable that the glacial lakes in the Champlain valley did not 
drain eastward at any time through the gaps in the Green moun- 
tains into the Connecticut. 

Postglacial faults. Later in the season Professor Woodworth 
took up the investigation of the postglacial faults in the slate 
region east of the Hudson in order to determine the role of these 
displacements in the general northward rise of the country dur- 
ing and since the disappearance of the ice. It will appear in his 
report that these recent geologic fractures are found at intervals 
from Troy southward to the vicinity of Hyde Park and from 
the Hudson river to the base of the Taconic range, and that they 
indicate an uplift of the country on the east in a manner to sug- 
gest that these ancient mountain ranges on the eastern border 
of the State are still growing. 

Glacial and postglacial drainage in western New Y orig Prof. 
H. L. Fairchild has studied the drainage features of the glacial 
lakes in western and central New York with reference to the 
altitude and direction of overflow of the glacial waters. ‘These 
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operations were in large measure in continuation of his previous 
work. A review was made of some drainage features in the 
Erie basin between the state line and, Hamburg, and a rapid ex- 
amination was made of the Finger Lake basins primarily with 
reference to the altitude and overflow of the glacial waters, in- 
volving also the interesting discovery of well developed bars be- 
longing to the Lake Dana stage, 8 miles south of Geneva, near 
Fayette between the Seneca and Cayuga basins. The phe- 
nomena pertaining to Lake Dana were also studied west of the 
Genesee valley. Positive evidence of these waters was found as 
far west as Akron. The drumlins throughout Genesee county 
are frequently cut by the wave action at this level and the detri- 
tus has been piled in short bars and spits to the leeward. Many 
gravel pits have been opened in these lake deposits which are 
practically the only source of sand and gravel over considerable 
territory. It now seems quite probable that further examination 
will connect the Lake Dana phenomena in Genesee county with 
the supposed Lake Dana phenomena southwest of Buffalo where 
the plane passes beneath Lake Erie. This will afford proof of 
continuous water at about 700 feet altitude all the way from 
the Erie basin eastward to the Cayuga valley, and the farther 
eastern extension is the subject of future study. While the 
features of Lake Dana are unequivocal they indicate a lake of 
relatively short life, though none the less interesting and im- 
portant in revealing the glacial history of the region. Some 
time was spent in mapping the low level channels in the district 
between Leroy and Phelps. These great stream channels which 
extend eastward to Syracuse at levels beneath the Warren lake 
plane are the most puzzling features connected with the history 
of the glacial waters and the recession of the ice body. 

3rief study was made of the Iroquois lake bottom in the north- 
ern part of western New York. In the area lying between the 
Genesee and Niagara rivers and the shore of Lake Ontario and 
the Ridge road (or beach of the glacial Lake Iroquois) we have 
a tract of nearly 600 square miles which is essentially prairie 
and forms the smoothest and most extended plain in the State. 
It is the famous Ontario fruit belt. East and west it is hori- 
zontal, north and south it has a fairly uniform slope to the north 
of about 20 feet to the mile. Over most of this belt, 8 miles wide 
and 75 miles long, the eye can recognize only a flat, smooth plain, 
the view being limited by the orchards and shade trees. The 


1 exceptions to the extreme flatness are low swells with a 
theast-southwest direction (the direction of the glacial flow) 
1 small sandy mounds of morainal origin. The swells or 
ges are glacial drift and essentially drumlins. In Monroe 
_ county they are typical drumlins, but westward they become 

-more and more subdued and quite disappear in Niagara county. 
The genesis of this remarkable plane is clear so far as its main 
elements are involved. The underlying rock is Médina, mostly 
shales but with resistant sandstone beds.- The plane was de- 
veloped by differential weathering in preglacial time. The in- 
vading ice sheet smoothed the rock surface by planing and fill- 
ing. Subsequently the area was lake bottom under the shallow 
waters of Lake Iroquois, and the work of leveling and smoothing 
was completed by the spreading of the Iroquois sands and silts. 
_. + Thus three agencies contributed to the result: atmospheric 
- erosion served to outline the geographic features, and glacial and 
z lake agencies to smooth it. The relative work of glacial and non- 
-___ glacial agents is not closely apportioned but may be more closely de- 
termined by fuller study. The description of the “ Niagara- 
_ Genesee prairie ” will make an interesting chapter in the geologic 
F. evolution of the State. 


} Hydrology 

My predecessor entered into arrangement with Mr George W. 
4 Rafter C.E. of Rochester, a distinguished hydraulic engineer and 
author of treatises on water supply and distribution, for the prepara- 
tion of a general report on the hydrology of this State in which the 
g subject should be treated in comprehensive form. The report was 
duly rendered and the printing is proceeding with adequate rapidity. 


Economic geology 


Louisana Purchase Exposition. The field work in this section 
has been largely devoted to the collection of materials intended for 
exhibition at the Louisiana Purchase Exposition which is specially 
considered under a subsequent chapter. 

Marble. Aside from this H. H. Hindshaw has made a 
brief study of the marble quarries in and about Gouverneur, St 
Lawrence co., looking to the further development of these in- 
terests in that region. He has reported that in the present op- 
erations much useful material is being overlooked and there are 
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still marbles of good quality exposed in places where as yet no 
attempt has been made to utilize them. 

Feldspar. Mr Hindshaw has also investigated certain locali- 
ties in the search for feldspar of suitable quality for use in the 
manufacture of pottery and reports favorably upon a feldspar 
vein near Corinth, Saratoga co. 


Peat. Some attention has also been paid to the peat deposits 


and materials gathered for future experimentation with refer- 
ence to the utilization of these raw materials. 

Kaolin. Some residual clays occurring near Thurman and Ti- 
conderoga have been examined with reference to their commer- 
cial value, and the finding of such clays in the Adirondack 
regions is a matter of considerable scientific interest as indicating 
the probable escape of such deposits from the abrading action of 
the glaciers. 

Graphite. The graphite deposits of Ticonderoga and Lake 
George have been examined and these examinations have served 
to show the presence of immense quantities of this mineral dis- 
seminated through the limestones of the Adirondacks. It is be- 
lieved that processes can be devised by which this ore, not now 
used, can be extracted. 

Iron. A visit to the iron region of Mineville showed great 
activity there. The opening of new mines and testing by dia- 
mond drill borings have shown the existence of an abundance of 
ore, and recent improvements in magnetic separation have sim- 
plified the matter of getting the ore on the market in suitable 
form for reduction. The increasingly large deposits of tailings 
from the concentrators here afford a practical field for the es- 
tablishment of a cement building block industry. 

Sandstone. An examination of the outcrops of the Potsdam 
sandstone near Fort Ann was made. This rock is here a close 
grained quartzite containing such a small amount of iron and 
other impurities that its value as ganister, glass sand and per- 
haps a flint for pottery purposes needs little demonstration and 
its existence should be made known to users of these materials. 
Further reference to the economic work of the department is 
made under the notice of the office work. 


Office work 


All of the freld operations have necessarily involved their 
elaboration in the office. Consequently time has been spent by 
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the various officers referred to in the preparation of reports upon 
their work. Work that has been more strictly independent of 
immediate field operations is the following: 


Paleontology 


Faunas of Beekmantown and Chazy limestones. During sev- 
eral seasons past Dr Ruedemann has carried on investigations 
relating to the faunas of the Beekmantown and Chazy forma- 
tions of the Lake Champlain basin. The elaboration of these 
faunas, specially the study of the Cephalopoda, has occupied 
much of his attention and reports relating to these subjects are 
in course of publication. It is well to note here that since the 
date of Professor Hall’s account of these early Siluric faunas in 
1847 little has been done to revise or bring the knowledge up to 
date. It was one of Professor Hall’s unrealized purposes to re- 
consider this early work in the light of later acquisitions and we 
have undertaken this series of investigations in the hope of 
bringing together all the added knowledge of the long interval 
from 1847 to the present. 

Graptolites. Mr Ruedemann has completed during the past 
year a memoir on the graptolites of the early formations which 
constitutes a very valuable addition to the series of publications 
on New York paleontology. : 

Type specimens. Mr Ruedemann has also had in charge the 
listing of the type specimens of fossils supplementary to the long 
list which appeared in the type catalogue published in 1903. 
This supplementary list is appended to this report and serves 
to show the importance of the additions annually made to this 
class of our collections. 

Devonic fishes. Agreeable to an arrangement made for the 
study of the Devonic fishes of New York, Dr C. R. Eastman of 
Cambridge Mass. has carried on investigations designed to bring 
together all extant information upon this subject with a notice 
of such undescribed material as is obtainable. It has further- 
more seemed of importance to consider the relations of the 
New York or eastern faunal province to the other geographic 
provinces in order that we may get light upon problems of distri- 
bution and succession. From the greater mobility of these vertebrate 
creatures as compared with invertebrates it may be expected that 
the evidence afforded by the former will be pertinent and circum- 
stantial in indicating the direction in which migration has taken 
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- of fossil fishes from the region with emendation in some cases of 
their specific diagnoses. The species will all be illustrated and 
a number of forms new to science will be represented and dis- 


cussed. bi , 
Fossil plants. Two years ago I entered into an arrangement 


with Mr David White of the United States Geological Survey © 


for a descriptive account of the fossil plants from the rocks of 
New York. These interesting bodies have been, in an embarrass- 
ment of riches, not overlooked but left for a favorable oppor- 
tunity for their investigation. The collections which have 
been brought together during the history of the Museum were 
acquired incidentally, but notwithstanding constitute a very 
extensive representation of these ancient plants. Mr White is 
a well known authority upon this group of organisms and he has, 
in pursuance of this understanding, made a careful inspection of the 
collections in Albany and in the intervals of his time has con- 
tinued his studies upon certain parts thereof. He reports that 
he has given special attention to the interesting and valuable 
collections of Pteridophytes, beginning his investigations with 
the study of the Lepidophytes which it is hoped to bring together 
in revised form and one systematic report. 

With the available opportunities for study, a cursory review of the 
similar material in other museums has been made; reviews of foreign 
literature relating to the subject brought together and much of the 
synonymic data is now at hand. It is hoped that the present winter 
will afford time for the preparation of diagnoses of all the lepido- 
phytic species, and the publication of these in a report suitably illus- 
trated be effected in the near future. 

Devonic crinoids. In 1866. Professor Hall published a very 
brief account of some of the Devonic crinoids of New York 
based upon a remarkable discovery made in 1857 at Muttonville, 
now Vincent, Ontario co. -The type specimens of most of this 
material are in the state collections but there has never been a 
serious effort made to elaborate the crinoids of the Devonic rocks 
of this State. The last half century has brought into the state 
collections a series of these fossils of extraordinary interest and 
it has been my plan for some years to prepare them for publica- 
tion, as an essential addition to our knowledge of the ancient 
faunas of New York. This year I invited the assistance of Edwin 
Kirk of Columbia University, who has had some experience in 
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the study of the fossil Crinoidea, and during the time he was in 
this office good progress was made in the analysis and descrip- 


tion of the material. The study has shown a considerable num- 
ber of forms heretofore unknown to science and when all is— 


brought together it is believed that it will embody a substantial con- 
tribution to the paleontology of New York. 


Stratigraphy 


The details of the stratigraphic work done in western New 
York during the field season of the previous year have been pre- 
pared for publication largely by D. D. Luther, i. e. the determi- 
nations and explanations of the Watkins-Elmira and the Tully 
quadrangles. 


Economic geology 


Fire tests of building stones. Prof. Heinrich Ries of Ithaca 
has been invited to undertake a series of investigations to establish 
the resistance to heat of the building stones of the State. Samples 
of various stones have been collected from the different parts 
of the State, partly with the object of covering as many varie- 
ties as possible and partly to secure specimens showing a wide 
range of physical characters. These have been cut down to the 
uniform cube required for the fire test, i. e. into 3 inch cubes hav- 
ing smooth faces so that any slight disintegration as a result of 
the test can be more readily seen. 

Dr Ries reports that he has in hand samples of the following 
well known standard construction stones: Pochuck mountain, 
Orange co., coarse grained granite; Garrison, fine grained gran- 
ite; Peekskill, granite (used in construction of Croton dam) ; 
Nyack, trap rock; Sandy Hill, sandstone; Keeseville, gabbro; 
Potsdam, sandstone; Clayton, coarse grained and fine grained 
granite; Little Falls, sandstone and gneiss ; Canajoharie, limestone ; 
Northville, granite; Amsterdam, sandstone; Medina, sandstone; 
Warsaw, sandstone; Oxford, sandstone; with a few other locali- 
ties not yet reported. It is proposed to test these stones at a red 
heat and a very dull red, the stone in each case being cooled 
both slowly and fast. It is furthermore proposed to heat the 
stones unevenly, that is so that one half of the cube will be 
protected while the other is heated well and a stream of water 
directed against this. This will tend to set up uneven stresses 
through the stone. In addition to the fire test proper, composition, 
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texttire, microscopic character and density of the stone will be 


determined in order to ascertain what relation these bear to the — 


fire-resisting qualities of the material. 

State School of Clay-working and Ceramics. It is a source of 
much satisfaction to the Director to state that an understanding 
has been entered upon with Prof. Charles F. Binns, the Director 
of the New York State School of Clay-working and Ceramics, — 
by which he will undertake to act in the capacity of expert on all 
questions arising in the business of this division which are 
germane to his specialty. Professor Binns will pass upon 
samples of clay submitted for examination and report and will 
give us his valuable assistance in all problems which may arise as to 
the exploitation or location of clay deposits. 


Louisiana Purchase Exposition 


Preparation for the exhibit of the department at the Louisiana 
Purchase Exposition required a considerable expenditure of time 
on the part of various members of the staff. The provision made 
for this exhibit by the state commission was so limited that it 
became necessary to seek the cooperation of the individual and 
corporate producer for some of the exhibits in economic geology. 
The Museum collections, although freely drawn upon, were not 
regarded as sufficient to meet the demands of the occasion and in 
seeking cooperation from other quarters the director of the scien- 
tific exhibit met with cordial response so far as the acquisition of the 
materials for the collection was concerned, and for its successful 
instalment Mr Hindshaw is largely responsible and is entitled 
to very great credit. The plan of the display however was con- 
ceived and directed by Dr F. J. H. Merrill, to whom acknowledg- 
ment should be made for its success as a whole. It is proper too 
that in this place personal acknowledgment should be tendered to 
the individual exhibitors who joined hands with the State in mak- 
ing this display as excellent as the financial situation permitted: 

I append herewith a detailed classified catalogue of the exhibits 
and the exhibitors. 
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1 Department of geology 
Maps and publications 


1o geologic maps of New York State and special parts thereof 
Relief map of New York 
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ia LEAD AND ZINC 


a Zine blende, chalcopyrite, galena, lead zinc. and copper concentrates; 9 Blenville, 


Ellenville Zinc Co. > 
PYRITES 
Pyrites, crude and concentrates; Gouverneur, Adirondack Pyrites Co. 
-Pyrites; Canton, High Falls Pyrites Co. 
4 Nonmetallic products 
ABRASIVES 
GARNET 


5 Garnet and garnet paper; North Creek and Minerva, H. H. Barton, Son & Co. 


Garnet and garnet paper; North River, Herman Behr & Co. 
Garnet; Ticonderoga, North River Garnet Co. 
Garnet; Gouverneur, Gouverneur Garnet Co. 


EMERY 
Emery; Cortland, The Tanite Co. 
MILLSTONES 
Millstone; Granite, James Van Etten 
INFUSORIAL EARTH 
Infusorial earth; White Lead lake, Herkimer county, George W. Searles 


MINERAL PAINTS 


Mineral paint; Rossie, Rossie Metallic Paint Eo; 

Mineral paint; Roxbury, Delaware Milling, Mining & Mfg. Co. 
Mineral paint; Troy, F. Thomas 

Mineral paint; Ogdensburg, Wells & Hall 

Mineral paint; Troy, William Conner Paint Mfg. Co. 


Mineral paint; Truthville, Algonquin Red Slate Co. 
GRAPHITE 


Graphite ; Medaderos. International Graphite Co. 
Graphite; Ticonderoga, Joseph Dixon Crucible Co. 
Graphite; Ticonderoga, Ticonderoga Graphite Co. 


TALC 
Talc; Gouverneur, International Pulp Co. ° 
Talc; Gouverneur, Ontario Talc Co. 
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Talc; Gouverneur, Union Talc Co. ‘e 


_’ Talc; Gouverneur, United States Tale Co. ‘ . 
. MICA vs . 
Mica; Bachellerville, Adelbert Gordon . ; 

SALT ere . 


Salt; Silver Springs, Worcester Salt Co. - 

; Salt; Pifford, Genesee Salt Co. . 

‘ Salt; Ithaca and Warsaw, National Salt Co. aa 
Salt; Syracuse, Remington Salt Co. : 
Salt; Watkins, Union Salt Co. 
Salt; Watkins, Watkins Salt Co. : 
Salt; Leroy, Empire State Salt Co. 
Rock salt; Retsof and Livonia; Retsof Mining Co. 
Solar salt; Syracuse, Onondaga Coarse Salt Association 


INDIVIDUAL EXHIBITOR 

Solvay Process Co., Syracuse, chemicals derived from salt, processes of manu- 

facture 

GYPSUM 

Gypsum; Wheatland, Consolidated Wheatland Plaster Co. 
Gypsum; Oakfield, Oakfield Plaster Mfg. Co. 
Crude gypsum; Fayetteville, National Wall Plaster Co. 
Gypsum; crude and manufactured, also photographs; Oakfield, United States 

Gypsum Co. 

PLASTER OF PARIS 

Plaster of paris; Port Gibson, Ezra Grinnell 
Plaster of paris; Fayetteville, National Wall Plaster Co. 
Statuary of plaster of paris; Oakfield, United States Gypsum Co. 


LAND PLASTER 
Land plaster; Wheatland, Consolidated Wheatland Plaster Co. 
Land plaster; Fayetteville, National Wall Plaster Co. 
Land plaster; Port Gibson, Geo. Grinnell 


PETROLEUM 
Collated by J. S. Bellamy, Wellsville N. Y. 

Crude oil; Andover, Atwood & McEwen 
Crude oil; Willing, Empire Gas & Fuel Co., Ltd. 
Crude oil; Scio, Franchot Bros. 
Crude oil; Wellsville, Church & Co. 
Crude oil; Wellsville, James McEwen 
Crude oil; Allegany, Rudolph & Dotterwich 
Crude oil; Rexville, Grumley Oil Co. 
Crude oil; Alma, Vossler Bros. & Quick 
Crude oil; Alma, Church’ & Bradley 
Crude oil; Andover, Mutual Gas Co. 
Crude oil; Alma, Alps Oil Co. 
Crude oil; West Union, Clark, Tracey & Co. 
Crude oil; Alma, James Thornton Estate 
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oil; Wellsville, Empire Gas & Fuel Co, Utd E 


sand and crude ‘oil; ‘Genesee, j- B. Gray 
_ Oil sand and crude ait Bolivar, Vosburg Oil Co. F . 
Be 8 208 Sede al; Scio, Scio Oil & Gas Co. ; E seas 
- 34 bottles refined products; Wellsville, Wellsville Refining Co. — . ae 


Building stones 


GRANITE 
Granite, 10 aes cube; Grindstone Island, R. Forsyth 
Granite, 10 inch cube; Garrisons, A. Gracie King 
Granite, Io inch cube; Ossining, Francis Larkins 
Granite, 10 inch cube; Mount Eve, Mount Eve Granite Co. 
Granite, 10 inch cube; Cortland, E. P. Roberts 
Granite, 10 inch cube; Saratoga Springs, L. H. White 


DIABASE - 
Diabase, 10 inch cube; Staten Island, Frank Bennett 


NORITE 
Norite, 10 inch cube; Keeseville, B. B. Mason 


SANDSTONE- 
Red sandstone (Catskill), 10 inch cube; Roxbury, A. F. Bouton 
E Sandstone, 10 inch cube; Medina, Horan Brothers 
a Sandstone (Medina), 10 inch cube; Lewiston, L. H. Hotchkiss 
- Sandstone, 10 inch cube; Potsdam, D. Parmeter 
4 Sandstone, 10 inch cube; Potsdam, Potsdam Sandstone Co. 
Z Sandstone, 10 inch cube; Schenectady, A. Shear & Co. 


INDIVIDUAL EXHIBITOR 
Medina Quarry Co., Medina, walls showing various styles of finish and 
carving; red and white tiling 


BLUESTONE 

Bluestone, 1o inch Siig Rondout, H. Boice & Co. 

Bluestone, Io inch cube; Saugerties, Burhans & Brainard 
ae Bluestone, 10 inch cube; Belvidere, Albert Dibble 

Bluestone, 10 inch cube; Lordville, J. F. Kilgour 

Bluestone, 10 inch cube; Ithaca, G. J. McClune 

Bluestone, 10 inch cube; Walton, James Nevins & Son 

Bluestone, 10 inch cube; Portageville, Peter Pitkin’s Sons 
~~ Bluestone, 10 inch cube; Elmira, A. D. Symonds 

Bluestone, ro inch cube; Retk Glen, Warsaw Bluestone Co. 


a 
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_INDIVIDUAL EXHIBITOR 


aan River Bluestone Co., Ulster county, 10 inch cubes bluestone, flags, : 
tiling, ashler 


LIMESTONE a 
Limestone (Trenton), Io inch cube; Three Mile Bay, J. J. Barron oa. 
Limestone, Io inch cube; Hudson, J. B. Berridge *- 
Limestone (Lower Helderberg), 10 inch cube; New Baltimore, Eugene Camp- . 
bell = 
Limestone (Niagara), 10 inch cube; Lockport, B. & J. Carpenter St. 
Limestone, Io inch cube; Rochester, Foerly & Kastner a 
Limestone (Trenton), 10 inch cube; Chaumont, Duford & Son we 
Limesone (Corniferous), 10 inch cube; Buffalo, D. R. & H. Fogelsonger A 
Limestone, 10 inch cube; Leroy, Morris & Strobel i 
Limestone (Trenton), Io inch cube; Glens Falls, Glens Falls Co. 4 


Limestone (Calciferous), Io inch cube; Amsterdam, D. C. Hewitt 
Limestone, 10 inch cube; Cobleskill, W. Rielly 


Limestone, 10 inch cube; Tribes Hill, J. Shanahan 


Limestone, 10 inch cube; Prospect, Evan T. Thomas 
Limestone, 10 inch cube; Prospect, R. Jones . 


MARBLE 
Marble, 10 inch cube; Gouverneur, Milo M. Belding 
Marble, to inch cube; Canton, Canton Marble Quarry 
Marble, 10 inch cube; Gouverneur, Empire Marble Co. 
Marble, 10 inch cube; Gouverneur, Extra Dark Marble Co. 
Marble, 10 inch cube; Tuckahoe, Masterton & Hall 
Marble, 10 inch cube; Waterloo, Loren Thomas 
Marble, 10 inch cube; Gouverneur, Northern New York Marble Co. 
Marble, 10 inch cube; Pleasantville, A. L. Pritchard 
Marble, to inch cube; Gouverneur, St Lawrence Marble Co. 
Marble, 10 inch cube; Gouverneur, D. G. Scholten 
Marble, 10 inch cube; South Dover, South Dover Marble Co. 
Marble, 10 inch cube; Gouverneur, Gouverneur Marble Co. 
Marble ashlers; Gouverneur, White Crystal Marble Co. 


SLATE 
INDIVIDUAL EXHIBITOR 
H. H. Mathews Consolidated Slate Co., Washington county, N. Y., unfading 
red, green and purple roofing slates, tiling, slabs, stair treads and risers. 
Red slate mantel. 
CEMENT 
INDIVIDUAL EXHIBITOR 
Helderberg Cement Co.; Howes Cave, cement, cement materials, processes of 
manufacture 
MARL 
Marl; Wayland, T. Millin 
Marl; Wayland, Wayland Portland Cement Co. 
Marl; Warners, Empire Portland Cement Co. 


= Sale SPECIAL EXHIBIT OF CLAY PRODUCTS 
rot Collated by Prof. Charles F. Binns, 
ork State School of Clay-working & Ceramics, Alfred, N. Y. 


Se BRICK 
- Brick; Alfred Syatien Alfred Clay Co. 
Brick; Attica, Attica Brick & Tile Co. re 

Brick; Corning, Corning Brick, Tile & Terra Cotta Co. 

_ Brick; Horseheads, Horseheads Brick Co. 

Brick; Ithaea, Interstate Conduit & Brick Co. 

J Brick; Jamestown, Jamestown Shale Paving Brick Co. 

_ Brick; Jewettville, Jewettville Pressed Brick & Paving Brick Co. 

_ Brick; Lancaster, J. H. McCutcheon 

- Brick; Olean, J. C. & A. McMurray 
_ Brick; Canandaigua, New York Hydraulic Pressed Brick Co. 
Brick; Buffalo, Queen City Brick Co. 

Brick; Rochester, Rochester Brick & Tile Co. 

-_- Brick; Tonawanda, Tonawanda Brick Co. 


TILE 


Tile; Alfred Station, Alfred Clay Co. 
Tile roofs; Alfred, Celadon Roofing Tile Co. 


POTTERY 
Pottery; Alfred, New York State School of Clay-working and Ceramics 


INSULATORS 
Insulators; Brooklyn, Empire China Works 
Insulators; Syracuse, Pass & Seymour 


INDIVIDUAL EXHIBITOR 
General Electric Co., Schenectady, insulators 


FELDSPAR 


Feldspar; Batchellerville, Adelbert Gordon 
_ Feldspar ; Bedford, P. H. Kinkel 


4 
44 
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. QUARTZ 
-—s- Quartz; Bedford, P. H. Kinkel 

Be: 

ay SAND 
Sand; Northport, Williamson & Co. 

a Sand; Croton Landing, W. B. Underhill Brick Co. 
a 

a 
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Special exhibits 
- ~ INDIVIDUAL EXHIBITOR J 

Wetherill Separating Co., New York city, Wetherill magnetic, ie 
type E, no. 3, working on New York magnetic iron ores ty as 
Robins Conveying Belt Co., New York city, belts and conveyor on separator —a 
Rowand Expansion Pulley Co., Denver, Col., pulleys on separator i 


- Ste 


2 Department of paleontology 


The publications of this department on the subject of the paleontology of th We 
State of New York consisting of 35 volumes, 1847-1904. This series of pub- 
lications received the grand prize at the Paris Exposition of 1900 and the ’ 

; gold medal at the Pan-American Exposition in Igor. 

Slab of Potsdam sandstone representing a portion of the primordial or Cam- 
bric beach laid down about the shores of the Adirondack continental 
nucleus. This slab bears the trails of what is believed to have been a 
simple primitive type of mollusk which dragged itself back and forth over 
the beach at the ebb of the tide. Taken from Bidwell’s Crossing, Clinton 
Go NN 

Stratigraphic and paleontologic maps, original drawings and lithographs 

Restoration in plaster of paris showing the structure of the ese crustaceans 
Eurypterus and Hughmilleria 
As the awards made to this exhibit by the juries of the Louisiana Pur- 

chase Exposition have been announced as this report is undergoing pre- 

paration it seems appropriate to notice them in this connection. They are ? 
as follows: 

Grand prize for the Museum exhibit in the Education Department 

Grand prize general exhibit in paleontology, including paleontologic publi- 
cations, slab of Potsdam sandstone with trails, restoration of fossils, origi- 
nal drawings and lithographs 

Grand prize: salt products, Solvay Process Co. 

Grand prize: gypsum, United States Gypsum Co. 

Gold medal: general scientific publications of the Museum 

Gold medal: minerals and building stones, Museum exhibit 

Gold medal: cement, Helderberg Cement Co. 

Gold medal: slate, Mathews Consolidated Slate Co. 

Gold medal: iron ore separator, Wetherill Separating Co. 

Gold medal: electric insulators, General Electric Co. 

Silver medal: salt, Empire State Salt Co. 

Silver medal: salt, Onondaga Coarse Salt Association 

Silver medal: salt, National Salt Co. 

Silver medal: salt, Worcester Salt Co. 

Silver medal: sandstone, Medina Quarry Co. 

Silver medal: sandstone, Hudson River Bluestone Co. 

Silver medal: collective exhibit 

Silver medal: geologic maps 

Silver medal: garnet, Herman Behr & Co. 

Silver medal: iron ore, Witherbee, Sherman & Co. 


Silver medal: clay products, N. Y. State School of Clay-working and 
Cera:nics 
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Bronze medal: marble, D. G. Scholten 
Bronze medal: iron ore, Arnold Mining Co. 
Bronze medal: plaster model, Tilly Foster Iron Mine 


MINERALOGY 

The mineralogist has been concerned with incréasing the 
representative collection of the minerals from the State. Of such 
material specially notable additions have been received from the 
cement mines of Rondout. These New York minerals present a 
series of interesting problems relating to mineral genesis with the 
study of which the mineralogist has been a good deal engaged. 
The collection of New York State minerals at present consti- 
tutes over 600 specimens and contains much material of high 
scientific interest. 


BOTANY 

The work of the botanic department of the State Museum 
may be classified as office work and field work. The former is 
chiefly done during the winter, the late fall and early spring 
months; the latter during the rest of the year. The first three 
months of the fiscal year beginning Oct. 1 and ending Sep. 30 
were chiefly devoted to the study and examination of the speci- 
mens of plants collected and contributed during the five months 
immediately preceding Oct. I, 1903, and in the preparation of 
the annual report of the botanist for that year. The winter 
and early spring were devoted to the mounting of specimens, 
placing some in trays for table case exhibition, others in small 
pasteboard boxes for better protection against the attacks of 
insects, and adjusting them to their proper places in the herbarium 
cases, suitable labels having in all cases been placed with the 
specimens. Some time was given to the examination and de- 
termination of specimens sent for that purpose by correspond- 
ents, many of those which had come during the collecting season 
being reserved for a more convenient occasion for their examination. 

Field work has been done in 16 counties of the State. The 
collection of specimens of fungi of the various orders and the in- 
vestigation of our mushroom flora have been continued as oppor- 
tunity occurred. The result has been the addition of a few 
species of edible mushrooms to our already long list of 150 
species figured on 86 plates. 

Continued and special attention has been given to the stuay 
and collection of specimens of our species of Crataegus. Large 


collections of many species new to the herbarium h ave Dé 


secured. In most cases the ai are represented by both flo 


teal cheb 


P ax 


ering and fruiting specimens. @ a 
_ The services of Mr Stewart | : 
ant, were secured from July 1 to Sep. 21. He was employed in 
making a general rearrangement of the books and pamphlets of — ae 
the library and of the duplicates and extralimital specimens of _ oy 
the herbarium, and in other general museum duties. ; . 


ENTOMOLOGY — 

Mosquitos. The state entomologist reports that the season of 
1904 has been comparatively free from insect injury to agricul- 
tural crops and consequently he has given considerable time to 
investigating our mosquito fauna. Over 50 species have been 
found in the State, and the results of this work have been em- 
bodied in a bulletin, illustrated by over 300 original drawings or 
photomicrographs, giving the life history and describing the 
immature stages of over 4o species and characterizing 12 as 
new. 

San José scale. The investigations of methods for controlling 


the San José scale, Aspidiotus perniciosus Comst., 
have been continued and a number of experiments with various 
washes conducted in a scale-infested orchard at Warwick with 
gratifying results. The efficacy of natural enemies in con- 
trolling this serious pest, has been further tested by liberating a 
third instalment of beneficial Chinese lady beetles, Chilo- 
corus similis Rossi, in an infested orchard at Kinderhook. 

Grape root worm. The work of 1902-3 on the grape root worm, 
Fidia viticida Walsh, in Chautauqua county vineyards, 
has been continued and valuable data as to the efficacy of ar- 
senical poisons for the control of this species, secured. 

Aquatic insects. Investigations of aquatic insects, started in 
1900, have been continued and Dr James G. Needham of Lake 
Forest University, is engaged upon a monographic account of our 
stone flies or Plecoptera. 

Leaf-hoppers. The office has been fortunate in securing Prof, 
Herbert Osborn of Columbus O., a well known specialist on leaf- 
hoppers or Jassidae, to do some special collecting in the State 
and the result of his work will be given in detail in his report. 

Hemiptera. Mr E. P. Van Duzee of Buffalo, a skilful collector 
and well known authority on Hemiptera, has also collected in the 


. Burnham, as temporary assist- 
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k Adirondacks and Catskills. The value of this work is greatly 


enhanced by his annotated catalogue De dpe: in the report of the 


‘ entomologist. 


_ Publications. The entomologist has made numerous sence 
fois of a practical nature to the agricultural press and one 
of his more extensive papers (aside from bulletins issued 
by the Museum), on “Insects Injurious to Pine and Oaks,” 
published in the 7th Report of the Forest, Fish and Game Com- 


mission, was issued during the year. Two timely bulletins, that 


on the Grapevine Root Worm, Museum bulletin 72, and the 
Monograph of the Genus Saperda, Museum bulletin 74 (by the 
entomologist and L. H. Joutel of New York), were issued dur- 
ing the year, in addition to the 19th Report of the State Ento- | 
mologist (Museum bulletin 76). There is in press a monographic 
account of the May Flies and Midges of New York by Messrs 
Needham and Johannsen, and a memoir on Park and Woodland 
Tree Insects is ready for press. 

Louisana Purchase Exposition. The office supervised the pre- 
paration of a collection of insects, which was exhibited at the 
Louisiana Purchase Exposition by the Forest, Fish and Game 
Commission. It comprised about 250 species, the life history and 
habits of 140 being represented in greater or less detail. 


ADDITIONS 

The additions to the state collections have been large and 
particularly valuable because of the excellent series of mosquitos, 
principally bred forms, the result of the summer’s work. The 
usefulness of this collection is greatly enhanced by the preparation 
of over 600 microscopic slides showing the minute structure of 
the different species and also by over 200 photomicrographs made 
from these mounts. This mounted and photographed material 
constitutes a permanent collection which will be of much value in 
future studies of this economically important and interesting 
group. 

The routine work of the office has been conducted as usual, and 
the public interest in this branch of science is manifest by the con- 
stantly increasing correspondence. The reports of voluntary ob- 
servers, the list of publications and of contributions to the state 
collections, contained in the entomologist’s report, are records 
of these activities of the office. 
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= ZOOLOGY 
The time of the zoologist has been given largely to the care of 


the collections and the special study and increase of the series of © 


Myriopods and Phalangida of the State which have heretofore 
received little attention. The zoologist has also prepared a 
Catalogue of the Higher Crustacea of New York City, which in- 


volved the identification of the forms collected during the pre- 


ceding two summers. This is now in press as a bulletin of the 
Museum. 

It has been necessary to replace many of the specimens of 
birds, and new material of these has been acquired during the 
open season and also material for mounted groups of birds with 
their nests and surroundings. Two of these groups, the long- 
billed marsh wren Pelmatodytes palustris (Wils.) and red- 
wing blackbird Agelaius phoeniceus (Linn.) have already been 
set up by the taxidermist, and they form an attractive and interesting 
exhibit of the most approved and effective methods of displaying 
these objects. 

Birds. Mr E. H. Eaton has been engaged in revising the 
migration schedules of birds and collating material and notes 
necessary for the Museum publication relating to the species and 
distribution of the birds of this State. Mr Eaton’s publication 
will be a summary of what has been done in New York orni- 
thology, will plot the migration schedules and it is expected 
also will cover a description and illustration of all the birds of 
our avifauna. 

ARCHEOLOGY 

The work done by Dr William M. Beauchamp in this section 
is largely the preparation of bulletins for publication. These in- 
clude the History of the New York Iroquois, which is now 
essentially printed and progress has. been made on a bulletin 
covering the Civil, Religious and Mourning Councils and Cere- 
monies of Adoption, also one on Indian Place Names in New York. 
Some additions of value have been made to the collections so 
far as the meager appropriations therefor permit and these are 
separately specified in the accession list. 


PUBLICATIONS 
The publications of the year are as follows: 


Annual reports 


I 56th Report of the State Museum for the fiscal year ending 
Sep. 30, 1902, w) Drage p. 


of the State Seine see the fiscal hace ‘ending 
30, 1902. 140 p. 


, 


Memoirs 
oo ae No. 6, ie: Fauna in Western New York. 268 p. 26 pl. 


Bulletins 
Mineralogy 


—_ 


4 No. 70, List of New York Mineral Localities. 110 p. 


Paleontology 
5 No. 63, Stratigraphic and Paleontologic Map of the Canan- 
daigua and Naples Quadrangles. 78 p. 
6 No. 69, Report of the State Paleontologist for the fiscal year 
a Sep. 30, 1902. 464 p. 52 pl. 


Entomology 


7 No. 72, Grapevine Root Worm. 58 p. 13 pl. 
8 No. 74, Monograph of the Genus Saperda. 88 p. 14 pl. 
9 No. 76, 19th Annual Report of the State Entomologist on the 
Injurious and other Insects of the State of New York for 
_ the fiscal year ending Sep. 30, 1903. 150 p. 5 pl. 


Botany 


10 No. 75, Report of the State Botanist for the fiscal year ending 
Sep. 30, 1903. 70 p. 4 pl. 
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Archeology 
11 No. 73, Metallic Ornaments of the New York Indians. 


ah Pe AS eS 


£22° 92°37 pl: 
2 Handbooks 
; 12 University handbook 6, Pt 3, List of State Museum Publica- 
3 tions. 26 p. 


13 No. 17, Economic Geology of New York. 44 p. 


4 Circulars 
14 Description of the Geologic Map of the Canandaigua-Naples 
Quadrangles. 32 p. 
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THE MUSEUM COLLECTIONS; THEIR CONDITION AND DISTRIBUTION 

It is hardly necessary for me to refer to the fact that the 
scientific collections of the State Museum are extensive .and 
valuable. The interested public is aware that nowhere else is to 
_be found a collection of the natural products of the State so ex- 


tensive and exhaustive, and its value to the students of science © 


and as a factor in scientific knowledge is momentous. 

The condition of these collections continues to be, as it has 
been for many years past, very unsatisfactory. More than 20 
years ago the Legislature of the State, convinced that the 
Museum had filled the Geological Hall to repletion, provided the 
State Hall for the reception of the overflow, but we failed to 
acquire the State Hall except in small part. We find therefore 
today the scientific collections of the State partly in the old 
rooms of the Geological Hall, crowding all cases and drawers and 
filling all available nooks and corners; in the State Hall are up- 
ward of 5000 drawers of paleontologic specimens and several 
hundred boxes in the rooms in the basement. The corridors and 
landings of the fourth floor at the west end of the Capitol contain 
a part of the very valuable and unique collection of Indian 
relics, and the basement of the Geological Hall and the store- 
rooms of the Capitol and malthouse hold large quantities of 
material which it has been necessary to pack away. One unique 
specimen weighing upward of 20 tons-is stored with the Flint 
Granite Company at Cemetery station. Under such conditions 
the public is practically debarred from access to the scientific col- 
lections of the State. Even the exhibition rooms of Geological 
Hall with the exception of the mineral room on the first floor and 
the zoologic exhibit on the fourth floor are badly illuminated and 
extremely unattractive. 

The facilities for display are archaic. We do not even know 
our own resources. There are boxes of scientific specimens in 
our storage quarters which have not been opened in half a cen- 
tury, although for the most part we have a careful inventory of 
everything that has been sealed up and put in storage in recent 
years. 

A considerable part of the room on the second floor of Geologi- 
cal Hall, formerly used for the exhibition of collections, has been 
taken for needed office quarters. 

In the State Hall no attempt is made to display any of the ma- 
terial. The rooms are with one exception badly lighted so that 
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the illumination is even unsatisfactory for the ordinary duties of 
1e Office staff. 


oe \ oi 


eS SS ee ee ANNE ee ee ae a Oy 


_ The condition of our quarters has not materially changed in 


many years. We -recognize this and have become in a measure 


used to the discomfort of doing work in unfavorable surround- 
ings and with poor light; but we can not fail also to recognize the 
fact that with the large annual acquisitions to all the collections 
the condition does not remain the same as it has been but grows 
worse each year. In the department of paleontology alone our 
annual acquisitions have averaged during the past six years 
about 10,000 specimens. These are ponderable additions which 
can not be tucked away into inconsiderable space, and we find it 
necessary in the elaboration of our scientific work to unpack such 
material long enough for the necessary examination and then to 
repack it and store it away. We do not work at an advantage. 
There is a needless expenditure of time and energy and solicitude 
in being unable to have access to the material as it is wanted. 
There is danger of inaccuracy in work or incompleteness of ob- 
servation on account of the labor involved in making the needed 
material accessible just at the time it is wanted. What is true 
of this section is in somewhat less degree true of the others. We 
have long since outgrown our quarters, and our collections are 
now squeezing us, not merely to the inconvenience of our work, 
but to its injury and probable imperfection. We realize however 
that there is no hope of remedy for this condition till circum- 
stances make it practicable to instal these collections and our 
offices in a suitable building. The most urgent need of the 
Museum at this date is room for the accommodation and display 
of its collections, and for the adequate equipment of its offices. 


APPENDIX 1 


Accessions 
The additions to the collections have been by donation, exchange, 
purchase and collection. A detailed statement of these acquisitions 
is given herewith. 
Geology 
_ DONATION 


German World’s Fair Commission to the St Louis Exposition. Machine 
made peat and peat charcoal, Germany.......--+--+5 sees reece cere eee 20 


COLLECTION 


Assistant in Geology. Albany. Poughquag quartzite; gneisses near 
contact of quartzite; iron ores and associated rocks, Dutchess county 52 
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=~ 
Set of specimens from pegmatite vein, feldspar, garnet and mica from 

2 milés. west of Cortath,. Ne . 5a. 2. Saas. Oe eee ee 

Set of rock specimens from dikes in Syracuse and East Syracuse...... 20 

Collection of rocks from Gouverneur, St Lawrence co. ..........-.-- 18 


1 large nodule from Marcellus shale, north of Cedarvale, Onondaga co. ~ I 
- Graphite ore and rock specimens from Fort Ann and Comstocks, 


Washington co. ......... 0 See. tae Wee CRESS Palace ee ee eee 40 
Graphite, residual clay, limestone and dike rocks from Ticonderoga, 

HS SO5C CO St. Ward Datei saat ee eee Re CEN a IR: 15 
Rocks sandeminerals strona Mamet eo ess cia eee eae ae eae re 12 
Premolite, Peabody Bridge, St' Lawrence co. -s. 0... ..) teen eee 4 
Cream colored marble near Peabody Bridge, St Lawrence co. ....... 420s Fs 
Celestite,« Severance: Quarry; Hayetteville.... 2.2 acsee nse. ce neaemees 10 
Pimestone, >Séverance: Quarry: Pavettevilles ... ..22 2 a. oe ee eee I 
Sandstone dike, Split Rock Quarry, Syracuse .............-----..<-e- I 
Orthoclase, chlorite and muscovite, Batchellerville................... ix 
Eeldspar®Batchelleryilles, 7... see RR ee Aye eee i AS 2 
Breccia}: Batchellervilles:he.. 2.4. 2... « ee eae ee eee eee 2 
Oxthoclase: \Cominth 2. 2 oe 8 ee ee eee eh ood 2 
Biotite, Corinth, ys iekik« ds. sce See Be eee ee ee I 
Garnet, Corinth a. conve sams eey eins at aS oe ee I 
GraphitesDavgett Ponds Watren cook ee, eee 4 
Garnet, Daggett Pond, Warren co..... UNE TERS, Son id ete ger Rae ee I 
Graphitic limestone, near Crowfoot Pond, town of Moriah, Essex co... 3 
Sideérite Amenia. © acc Sk sya acct eee ia ee ee I 

ll ee 
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A number of specimens of rocks and ores have been sent in 
for identification, some of which may be preserved for Museum 
purposes. 

Paleontology 
DONATION 


Simms, Joseph. New York. Coal~Measure fossils from Mazon creek, 


Ulimoi8. 17, awaw s Riad ah ae Rs ae ae 92 
Wilson, John D. Syracuse. Agoniatite limestone fossils, Onondaga 

FTiNL oso. oe tia ones ainlan Cal chim Re RN ee 3 
Davis, E. E. Norwich. Crustaceans from the Ithaca beds, Swartwood, 

Chemung’ co... /.0t' aun: Paths teak element Oey de ae 2 
Griswold, J. N. Amsterdam. Trenton limestone near Amsterdam...... I 


Hudson,G.H. Plattsburg. Chazy limestone fossils from Valcour Tsland 12 
EXCHANGE 

Morse, E. V. Lorain O. Onondaga limestone fossils from Ohio 
COLLECTION 


The Director. Fossils from the Devonic and Siluric from Percé, Gaspé 
basin and Grande Gréve, Quebec....... 72. ee 625 


~~ eee 


HLS. Fossils from the Rondout beds, Litchfield........ 58 
, C. A. Fossils from the Chemung beds, Hornellsville.... 150 
ssils from the Guelph dolomite, Niagara Falls, Canadian side... 150 
1, Carl. Fossils from the Guelph dolomite, Niagara Falls, Cana- 


ence RI elise.) 6502 0k 2 meee a anicash ieee. 289 
Braun, Frederick. Slab of fossil trails, Potsdam sini deneie: Bidwails 
Seo MGM NIMES fides 005, 8 ee Senerthy Oo eee Tadd Ook I 
Fossils from the Pittsford shale, “Spring House” farm, 2 miles 
RiQunnmGrmirttStOLd.. Monroe Co.Ha sd Stee. .. 55. .es. cee hee ce 30 
Goldman, Marcus I. Fossils from the Black river and Trenton lime- 
stones, Watertown, Lowville and vicinity, St Lawrence co........ 506 
oo). Sie ee pares dep Pee g og en TON ale ae Be So 2288 
Mineralogy 
DONATION 
Clough, H.O. Albany. Dolomite, Indian Ladder, Albany county... 1 
Stilwell, L. W. Deadwood S. D. Gypsum (selenite) Camillus N. Y. 1 
Colvin, Verplanck. Albany. Oligoclase, Essex county............. I 
Garvey, Matt. Ticonderoga. Titanite, Towner hill, Ticonderoga.... 1 
icine astChathan - Barite near (Canaam: 2.0. ..9. cotcuc ak I 
Day, Dr David T. U.S. Geol. Sur. Asphaltum “ manjak”, Barbedoes 1 
Peck, H? ©.” Menands. Calcite, Cumberland, England.........5...- I 
Clark, P. E. Rondout. Dolomite, Rondout, Ulster co................. oy 
Waartz* Rondout-oW ster COs as Oo ciir eo ok os nee Rie we etelsieeeate 164 
Cretew le ONdGIE MIISTEE NCO se emer cine se iciocaran emilee antes rvekenis 187 
j Calcite (large specimens), Rondout, Ulster co..............-.- Sy ens) 
4 vi iter Rondout-s WIStercOnmct te ots nie ages Si dee ote eure 112 
: iPyritemidendritic)) ondout, Ulster (co ..0)..c.6: sce coats ee eels 5 
“ (MALGASIFeMeCOMGOIIE SCISLEE (COL Abies: yu «i dee 0% sats e  Sehiew va ces 6 
a Ellenville Zinc Co. Ellenville. Galena (large crystal), Ellenville..... I 
4 Ghalcopyritem quartz Mllenville:.: cee: cae ch eos gap vat ae wena 15 
‘g 
4 EXCHANGE 
4 Magill, C. N. Albany. Geodes lined with chalcedony and crystal- 
a= Reet cuncie Pivosoutly Ln fern acca «omanidrislo ge : 6 
= Geodes lined with quartz and calcite, Keokuk Ia.............. 4 
Geodes lined with calcite, Cedar Creek Ill. %..........50..4... 6 
Geodes lined with quartz, pyrite and rutile, Hamilton Ill...... 5 
Geodes lined with calcite and siderite, Siloam Springs Ill......... 15 
Pfordte, Otto F. Rutherford N. J. Limonite geodes filled with sand, 
Seg INE Siete oe ene Pipe pe re eg Bocce 4 
Limonite pseudomorphs after pyrite, Wiiehitsvilke wea pay -gn rae ener ser 27 
Zs Hardystonite and franklinite, Franklin N. see eit tiy alee seuee +s I 
e Pa camalaconie, . BiGhee JAMZ. eck aeWT miso on eae Hislls traces I 
, Argentite. (crystal), Sonora Mex. .......csue es eve cece tence neeee I 
Spodumene, Etta Mine S. D.......... eee e eee cee eee eee eee ee I 
Thaumasite, West- Paterson Nic] 000. ise ets jee e cece see eeeeees I 


Pyrite, Sayville Ne Jeeta: ob ic wet eee cee eee eee eee e ees 3 
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EP Reabhaniialt in bementite, Franklin N. nee Spethel viene er ene neee 


Wulfenite, Sonora Mex.,........ ud Soest. Ce cree Seek e 


Manley, John A. New Brunswick N. J. Pyrvhotite, Franklin Fur- 


nace N. J.. he Settee te ee 
Hancockite, Retin ieee Nice. Stee 129d RS 
Leucophoenicite, Franklin Furnace N. J.v...--..-.--00- se ee ees 8 


Caswellite, Franklin Furnace N. J..........055 ote DE See . 


PURCHASE 


Clark, P. E. Rondout. Quartz, Rondout N. Y....... Aiko ocerae saan 
Marcasite mROndOue IN: OY ctcos sar. testers sap merstolare ya pietlatsyies aii 
Pyrite Rondout: NF Veatuc . caccriettee se Neil e oe Serene eel ates 
Pyrite (dendrite), Rondout N.Y -7>+....2.0.2- 5,-2.8 eSenns = 
Dolomite, Rondout N. VS onmteue tere ercie pips rave auele, Sitin: ste erate ee en eee 

- Anthracite im calette, NondowewN: *¥ 22.0. ae anc eles Satie weiner 
Brookite: im ‘quartz, EllenvillepNs Wo.ce a «cea owe oe ae eae 

Haskins, Mr. Round Lake. Quartz (crystals), Saratoga N. Y..... an 
Ouartz (SrOupine), satatoma: N= Yicacee ee eee meena Seto 
Calcite; Saratoga, New cise «ac coe a escent s eietnetees ate canals HO 
Gypsuhn El utison NEY: <ctsieonetc eee mney eo eee te nen 

‘Foote Mineral Co. Philadelphia Pa. 

CrocolteeCeroup se Pasilama ct nccicaa ptetenieete tect at ne anton ———. 
ay ate mC RD OEE NUASSiC tartare cs a ec teh Spero tee 
Galcites Cumberlant, ANE cca vaste cs ock rae ae ce tee eee eae 
Riensselserite wDidna ....cle seme veces an OF Ree eee 


COLLECTION 
The Mineralogist 
Calcite,” Cocymrans Ny cs cols: pebenl cas cenie nities tet ae eee 
Sinithsonite'on ‘sphalerite; Flat Brook, 2.0-u <0. ¢.. sane eee eee 
Galena iniguarte Mat Beook.c\. cahve«sstnamactes akee ace ane 


Calamine and smithsonite in sphalerite, Flat Brook 
Greenockite (?) in sphalerite, Flat Brook 
. Clinochlore on dolomite, Ossining 
Sphalerite on dolomite 


ey 


ee ee ee aed 


08) 0.0 © 0 e008 O06 6 Sills era € a's eee 6 alae eo esate 


Pyrite on dolomite, GA ATTA ROR, SUES GEST Ree 
Amphibole (tremolite), ST GRRL, SR PIA LS aM RD ST 
Tale on dolomite, 

Dolomite, SO NE Se Be a Radi as sr a EE gD 


89°70 F008 G whe a) Bae a 26, We) M8 Tae We, wg a, SV, 6) sie th fa) ol bien ia 
60194) 4) 08 8 RS Re So Mre) bbe Pie.w iw ie w aleihivel te 1h Sith ie) a WaMelewetewt cat i 
CLV 6 CSS re Od a 0 0) B Ue eB 6d ule wee lm tee 6 Shaketena 
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se OK0 0.8) b 916.6 Be sie Bele SLUNe he @ ee s.6 due Sere le oueletmiial wl shale ets 


The Assistant in Geology 
Beryl, Hope, Saratoga co 


A 25 eB! B'S. Bie) CK, L610) Oa) Gis) eo, wavs wie ie ale! Aly wi Mette te caltetistettetie 
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Margarite in microcline, 2miles north Batchellerville, Saratoga co. 


[oe oe 


Rake Oe Beihenervihe. Saratoga « couse 5 ee EE 


= Wernerite, 2 miles north Batchellerville, Saratoga co...........0.6 0 


— ig bok, 


on! otal Tarn as Bac, srk mw alae ates, oe 2 825 
Zoology 
DONATION 
, Mammals 
7 eke Mrs M. I. Oak Knoll, Albany co. Nest of red squirrel, 
— SHH oe ORME RE Wa earch ale Brome ROP Oe Cpecaeee S, eee ips UO ale Keen oad I 
Hall, C. K. East Schodack. Weasel, Putorius noveboracen- 
Pe fred 10x, < von ipese ri) y us, young! .. Aten ee ee) 


Heiser, Harold. Albany. Brown bat, Myotis lucifugus..... 1 


Aves 


Beech Mo Albany Plckes, Colaptes awiritis. sisson. I 
Smith, S. B. East Chatham. Screech owl, Megascops asio.. 1 


3 ‘Lawrence, E. C. Quoque. Humming bird, Trochilus colub- 
ss TE ETE deca Os raphael tb eB crag AOI Tein a aA mrt ie ae iene ere” I 
a Hall, C. K. East Schodack. Snowflakes, Passerina nivalis; 
a crow, Corvus americanus ; sharp-shinned hawk, Accipi- 
=: ter velox: medstart, setophapa ruticilia; nest and 
4 eggs; barn swallow, Hirundo erythrogaster, nest and 
f CRESS Sete 5 SOnsate al war eee eae oe Meee ee ete ie hecnie's 8 
Reptiles 
Halpin, M. New York city. Spotted turtle, Chelopus gut- 
PAL Se cree tet ene t ns crtee sik ac aPe an o8e t,o ote ad avore ave niaeie tar erent es MO aTa NS tr 
- Hall, C. K. East Schodack. Mud turtle, Aramochelys odor- 
. ata > wood tortoise, Chelopus inseulptts.2% 2.8... 2 
4 Van Slyke, Bronk. Aquetuck. Black snake, Bascan ion con- 
j SET WCCO fae ey te ee ee Se ee aon pees ote Kiel nat, a I 
4 Klein, E. N. E. College Point. Garter snake, Eutaenia sir- 
; PREM seer oTt gil alp 1S EC iy ateeiat caches clo ARSC IEE IA IO icy IEA ee I bi 
q Lindsey, M. E. Spearville Ga. Chameleon, Sceloporus sp.. 1 
Pisces 
3 Treadwell, Prof. A. L. Poughkeepsie. Millers thumb, Boleosoma 
; iis iat enema ree Aon Eee Pa eis coe ee ea a me er anor gl  ee I 
Forest, Fish and Game Commission. Albany. Lake trout, Christi- 
vyomer namaycush, abnormal, from Owasco lake ; smelt, 
E Denies a: mit diac trom bitters Cleat: take ienaenem cetciasiecet 2 
. Invertebrates 
¥ Bradt, S.C. Albany. Window spider, Epeira insularis....... } 
f Shepard, J. B. Syracuse. Myriopoda, Octocryptops sex spi- 
| POSES Sana IM On rae TN loa ae eed LV omiiecectiap stale crabs laf cle¥ewiel vicls ole e 10 
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The accessions by collection consisted of 205 specimens at birds, | 
representing 76 species. Some 2000 specimens of Myriopoda were — 
taken, of about 25 species and a large number of Phalangida and © 
Araneida, which have not yet been identified. 


Archeology 


ie 
DONATION . , & 


Seton-Karr, H. W. London, England, through the United States 
National Museum. Chipped flint implements from the Fayoom 


CLISthict) fe Vite ays on paces ore Cees ee ie eee re 119 
PURCHASE 
Dailey, W.N. P. Amsterdam. A string of copper and shell beads 
with gorget attached, from an Indian grave at Athens N. Y.. I 
Burgess, Mary E. Gorham. Indian skeletons........... ......seee0e- 2 


Reed, W. F. L. F. Smiths Mills. An ancient French (?) sword hilt, 
found in excavating in the Seneca reservation near Smiths Mills.. 1 
J. R. Nissley. Ada O. 
I parallel edged gorget, Wyandot county, O 
unfinished canoe-shaped gorget, Coweta county, Ga. 
gorget with projections, Crawford county, O. 
thick gorget, Hancock county, O. 
“knob back” gorget, Adams county, Ind. 
“knob back” gorget, Mercer county, O. 
small green gorget, Prebel county, O. 
banner stone of striped slate, Darke county, O. 
banner stone, Boone county, Ind. 
straight and cylindric banner stone, Boone county, Ind. 
banner stone, expanding sides, Hillsdale Mich. 
butterfly form of banner stone, Hillsdale county, Mich. 
deeply notched banner stone, Washington county, Mich. 
crescent-shaped banner stone, Hancock county, O. 
large crescent banner stone, Wyandot county, O. 
diamond-formed banner stone, Randolph county, Ind. 
one sided banner stone, Washtenaw county, Mich. 
crescent banner stone with terminal knobs, Fowlerville Mich. 
crescent banner stone with lateral perforation, Hillsdale COUREY, Mich. 
butterfly banner stone, Van Wert county, O. 
bird amulet with projecting eyes, Hillsdale county, Mich. 
banded bird amulet, Boone county, Ind. 
bar amulet(?) Putnam county, O. 
bar amulet of striped slate, Hillsdale county, Mich. 
thick amulet, near Ada O. 
large pendant of chocolate colored slate, Auglaize county, O. 
striped slate pendant, no locality 
brown slate pendant, Paulding county, O. 
pendant with expanded end, Allen county, O. 
pendant with expanded end, Auglaize county, O. 
green slate pendant, Mercer county, O 
I green slate pendant, Wyandot county, O. 


mn. Se FR FF SS HF eA ee eS SS Pee Be OS ee ee ee SY ee eee 


Bt. 1 1 bead or ornament of granite, peonved: Richland county, O. 
I grooved clay bead, Hightower river, Bartow county, Ga. — 
I grooved slate bead, Paulding county, O. 
I flattened elliptic bead, Ann Arbor Mich. 
I ceremonial bead, Wyandot county, O. 
I green slate chisel, Paulding county, O. 
I granite chisel, rounded, Adams county, Ind. 
a I white flint chisel, 53g inches, Franklin county, Mo. 
9 1 white flint chisel, Cooper county, Mo. 
a granite chisel, Miami county, O. 
“ y double edged chisel, Columbia county, Wis. 
I grooved ax, Sanilac county, Mich. 
ax with broad edge, near La Grande Ind. 
cliff dwellers axes, Gila river, Arizona 
cliff dwellers ax, Arizona 
grooved ax, Cooper county, Mo. 
small grooved ax,Crawford county, O 
local type of grooved ax, Cooper county, Mo. 
white flint spade, Columbia county, Wis. 
notched hoe, 9% inches long, Johnson county, Til. 
deeply notched hoe, Shelby county, O 
white flint hoe, Jackson county, III. 
sickle-shaped knife, Union county, O. 
bluish flint spear, serrated, Union county, O. 
yellow jasper spear, Johnson county, Ill. 
barrel-shaped perforated stone, Smoky mountain, Tenn. 
striped slate tube, 7 inches long, Mercer county, O. 
perforated article of brown quartz, no locality 
“prown slate tube, 534 inches long, Prebel county, O. 
perforated globular stone, Brown county, Ind. 
boat stone of striped slate, Shelby county, O. 
elliptic hone awl, Ann Arbor Mich. 
small grooved war club, Darke county, O. 
cliff dwellers pitcher, Phoenix Ariz. 
cliff dwellers vessel, Ann Arbor Mich. 
cliff dwellers cup (cemented), Gila river, Arizona 
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PLANTS ADDED TO THE HERBARIUM | 
= New to the herbarium ee 


Amanita radicata Pk. 

A. lignophila Atk. 

A. crenulata Pk. 

Arenaria leptoclados Guss. 
Arisaema stewardsoni Britton 
Boletus atkinsonii Pk. 

B. laricinus Berk. 

B. nobilis Pk. 

B. rugosiceps Pk. = 
Botrychium tenebrosum A. A. Eaton 
Bryum pendulum Schp. 
Clavaria botrytoides Pk. 

C. xanthosperma PR. 
Collybia amabilipes Pk. 
Convolvulus repens L. 
Cortinarius heliotropicus Pk. 
Crataegus acclivis Sarg. 

C. baxteri Sarg. 

C. beata Sarg. 

C. beckwithae Sarg. 

C. benigna Sarg. 

C. colorata Sarg. 


_C.compta Sarg. 


C.cupulifera Sarg. 

C. deweyana Sarg. 

C. diffusa Sarg. 

C. dunbari Sarg. 

C. durobrivensis Sarg. 
C. ellwangeriana Sarg. 
C. ferentaria Sarg. 

‘C. formosa Sarg. 

C. fulleriana Sarg. 


‘C.gemmosa Sarg. 


C. glaucophylla Sarg. 
C. hudsonica Sarg. 
C. laneyi Sarg. 


C. leiophylla Sarg. 7 
C.lennoniana Sarg. ei 
C. macauleyae Sarg. . Ss 
C. maineana Sarg. 

C. opulens Sarg. 

C. ornata Sarg. 

C. parviflora Sarg. ci) 
C. pedicellata Sarg. = % 
C. persimilis Sarg. me 
C. rubicunda Sarg. . ; at 
C. spissiflora Sarg. 

C. streeterae Sarg. 

C. tenuiloba Sarg. 

C. verecunda Sarg. = 

Craterellus taxophilus Tho 

Dipsacus laciniatus L. 

Eocronartium typhuloides Atk, 

Falcata pitcheri (T. & G.) Kuntze 

Fusarium aquaeductuum R. & R. 

Galera capillaripes Pk. 

Gyrostachys ochroleuca Rydb. 


| Hypholoma rugocephalum Atk. 


Hypomyces banningiae Pk. 
H. inaequalis Pk, 
Lachnocladium semivestitum B. & C. 
Lactarius brevis Pk. 

L. colorascens Pk. 

Pholiota appendiculata Pk. 
Salix serissima (Bail.) Fern. 
Sisyrinchium arenicola Bickn. 
Stachys sieboldi Mig. 
Teucrium boreale Bickn. 
Viola amoena Le Conte 

V. latiuscula Greene 

V. septentrionalis Greene 
Zygodesmus granulosus Pk. 


Not new to the herbarium 


Agaricus abruptibulbus Pk. 
A. campester L. 

A. subrufescens Pk. 
Amanita caesarea Scop. 

A. muscaria L. 


Antennaria ambigens (Greene) Fern: 
A. canadensis Greene 

A. fallax Greene 

A. neglecta Greene 

A. petaloidea Fern. 


Amanitopsis vagihata (Bull.) Roze | A.plantaginea R. Br. 


A. volvata (PR.) Sace. 


Actaea rubra (Ait.) Willd. 


egia fees Ee 
ae ia serpyllifolia ds 
: vA risaema triphyllum (L.) Torr. 
__ Aristolochia clematitis L. 
_ Artemisia stelleriana Bess. 
a _ Asplenium angustifolium Mx. 
- Asterodon ferruginosum Pat. 
Bactridium ellisii Berk. 
Bartonia virginica (L.) B. S. P. 
Bidens frondosa L. 
Blephilia hirsuta (Pursh) Torr. 


B. grandiflora (Bigel.) Rydb. 
Blitum capitatum L. 


F- Botrychium dissectum Spreng. 
; _ B.simplex Hitch. 

_B. obliquum Muhl. 

i B. elongatum G. & H. 

__ B.habereri Gilb. 

- _—— B. oneidense Clute 


Boletus clintonianus Pk. 

ft B. cyanescens Bull. 

q B. eximius PR. 

4 B. felleus Bull. 

j B. frostii Russell 

4 B. illudens Pk. 

- B. nebulosus PR. 

; B. rubropunctus Pk. 

Boletinus grisellus Pk. 

B. porosus (Berk.) Pk. 

Bovista plumbea Pers. 

Brasenia purpurea (M-x.) Casp. 

Brassica arvensis (L.) B. S. P. 

Bo tapanl 

Callitriche heterophylla Pursh 

Cantharellus floccosus Schw. 

C. cinnabarinus Schw. 

Carex castanea Wahl. 

C. comosa Boott 

C. crawei Dew. \ 

C. formosa Dew. 

C. hitchcockiana Dew. 

G. lur. exudans Bail. 

C. setifolia (Dew.) Britton 

Chamaedaphne 
Moench 


a es 


| Claytonia caroliniana Mx. 


Blephariglottis ciliaris (L.) Rydb. 


~ calyculata (Z.) 


? Sw 4 
_ Clavaria cristata. Pers, 


C.botrytes Pers, | 
C. platyclada Pk. 


Clitocybe albissima Pk... .. ~~. 
C. candicans Pers. Sts ty 
C. centralis Pk. 

C. clavipes Pers. 

C. cyathiformis Fr. 

C. eccentrica Pk, 

C. ochropurpurea Berk. 
Cercospora circumscissa Sacc. 
Collybia nigrodisca Pk. 
Coprinus micaceus Fr. 
Convolvulus spithameus L. 
Cornus canadensis L. 
Cortinarius cinnamomeus Fr. 
Cudonia circinans (Pers.) Fr. 
C. lutea. (PR:) gSiace: 
Cudoniella marcida (Mull.) Sace. 
Crataegus holmesiana Ashe 
C. macracantha Lodd. 

C. pringlei Sarg. 

C. submollis Sarg. 

C. succulenta Lk. 

C. tomentosa L. 

Daphne mezereum L. 
Daedalea unicolor (Bull.) Fr. 
Dianthera americana L. 
Diplodia conigena Desm. 
Discina orbicularis Pk. 


| Eatonia pennsylvanica (DC.) Gr. 


Eleocharis acicularis (L.) R. & S. 

E. acuminata (Mx.) Nees. 

E. pal. vigens Bail, 

E. pal. glaucescens (Willd.) 

Eragrostis eragrostis (L.) Karst. 

Eriophorum alpinum L. 

Erythronium americanum Ker. 

Eurotium herbariorum (Wigg) Lk. 

Fagopyrum tataricum (L.) Gaertn. 

Filix bulbifera (L.) Underw. — 

Fragaria americana (Porter) Britton 

F. vesca L. 

Fistulina hepatica Fr. 

Fraxinus nigra Marsh. 

Geoglossum  ophioglossoides  (L.) 
Sace. 

G. velutipes PR. 
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oe 
Geum canadense Jacq. 

Gratiola aurea Muhl. 

Gyalecta pineti (Schrad.) Tuckm. 
Gyrostachys cernua (L.) Kuntze 
G. stricta Rydb. 

G. plantaginea (Raf.) Britton 
Helvella infula Schaef. 
Hieracium praealtum Vill. 
Hudsonia tomentosa Nutt. 
Hydnum adustum Schw. 
H.imbricatum L. 

H. fennicum Karst. 

H. zonatum Batsch 

H. vellereum Pk. 

‘Hydrangea arborescens L. 
Hygrophorus flavodiscus Frost 
H. fuliginosus Frost 

H. immutabilis (Pers.) Fr. 

H. laurae decipiens Pk, 

H. pratensis (Pers.) Fr. 
Hypholoma incertum PR. 

H. sublateritium Schaef. 

Ilex verticillata (L.) Gray 

Iris versicolor L. 

Juncus acuminatus Mx. 

J. brachycephalus (Engelm.) Buch. * 
J. balticus Willd. 

J. marginatus Rostk. 

Juniperus nanus Willd. 

Lactarius alpinus Pk. 

Larix laricinus (Du Roy) Koch 
Lathyrus myrtifolius Muhl. 

L. volemus Fr, 

Lentinus lepideus Fr. 

L. suavissimus Fr, 

Lenzites sepiaria Fr. 

Lepiota cepaestipes Sow. 
Leptoglossum luteum (Pk.) Sace. 
Leptorchis loesellii (L.) MacB. 
Lithospermum officinale L. 
Lobelia cardinalis L. 

Lilium superbum L. 

Lychnis chalcedonica L. 

L. alba Mill. 

Limnorchis dil. linearifolia Rydb. 
Lycium vulgare (Ait.) Dunal 
Malus coronaria (L.) Mill. 
Marasmius res. candidissima Pk. 
M. oreades Fr. 

Mentha canadensis L. 


Mikania scandens Willd. 
Myriophyllum verticillatum L. 
Morchella bispora Sor. 

M. deliciosa Fr. 

Naumbergia thyrsiflora (L.) Duby 


Naias flexilis (Willd.) R. & Sv 


Omphalia oculus Pk. 

Onagra oakesiana (Gr.) Britton ~ 

Osmunda claytoniana L. . 

Oxalis cymosa Small 

O. corniculata L. 

Panax quinquefolium L. 

Panicum lJanuginosum Ell. 

Peramium pubescens Willd. 

Phacelia dubia (L.) Small 

Phlox subulata L. 

Pholiota adiposa Fr. 

P.togularis (Bull.) Fr. 

Phytophthora infestans 
De By. 


~ (Mont.) 


| Picea canadensis (Miull.) B. S. P. 


P. mariana (Mili.) B. S. P. 
Pleurotus ostreatus (Jacg.) Fr. . 
P. ulmarius Fr. 

Pluteus cervinus (Schaeff.) Fr. 
Polygonum lapathifolium L. 
Polystictus pergamenus Fr. 

P. pseudopergamenus Thum. 
Potamogeton natans L. 
Potentilla argentea L. 
Protomyces erythronii Pk. 
Prunus americana Marsh. 
P.cuneata Raf. 

P. nigra Att. 

P. pennsylvanica L. 

Pterospora andromedea Nutt. 
Quercus acuminata (Mx.) Houda 
Q. prinos L. 

Q. nana. (Marsh.) Sarg. 
Ranunculus hispidus M-. 
Rhamnus cathartica L. 
Rosa sayi Schw. 

R. setigera Mv. 

Rubus canadensis L. 

R. nigrobaccus Bail. 

R. odoratus L. 

Rudbeckia hirta L. 


| R.laciniata LZ: 


Rumex acetosa L. 
Russula compacta Frost 


\ 
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Stereum complicatum Fr. 
— S.spadiceum Fr. ; 
Scleroderma vulgare Hornem. 
Teucrium boreale Britton 

Thymus serpyllum L. 
Tricholoma personatum Fr. 


, 


‘Rhynchospora alba (L.) Vahl. Gl enutaierenan (Schw.) Fr. 


- Salix amygdaloides Anders. Vagnera stellata (L.) Morong 
S. pet. gracilis Anders. Veronica byzantina (S. & S.) B.S. P. 
_ Sarracenia purpurea L. Viburnum dentatum L. 
Scirpus pedicellatus Fern. V.lentago L. 
S. occidentalis (Wats.) Chase V.opulus L. 
Scrophularia marylandica L. Viola blanda Willd. 
Selaginella apus (L.) Spring. V. pap. domestica (Bickn.) Poll. 
Silene vulgaris (Moench) Garcke . V.palm. dilatata Ell. 
S. antirrhina L. V. pubescens Ait. 
Sisymbrium altissimum L. -| V. rotundifolia Mx. 
Sisyrinchium angustifolium Mull. | V. sororia Willd. 
Smilax hispida Muhl. | V. scabriuscula (T. & G.) Schw. 
Solidago uniligulata (DC.) Porter | Xyris montana Ries 
Specularia perfoliata (L.) DC. | Zygadenus elegans Pursh 
Stachys aspera Mx. ) “otal’a€ ive Se ee. de 325 


S. palustris L. 


Entomology 
CONTRIBUTIONS TO COLLECTION OCT. 16, 1903-OCT. 15, 1904 
Hymenoptera 
Megachile sp., leaf cutter bee, work on rose, Oct. 26, O. Q. Flint, 


Athens N. Y. 

Formica pennsylvanica DeG, black ant, work on spruce, Feb. 5, 
William B. Young, Lake Placid N. Y. 

Neuroterus batatus Bass., oak potato gall on oak, Sep. 1, through 


Country Gentleman, Westport Mass. 
Tremex columba Linn., pigeon tremex, adult on maple, Sep. 15, 


J. E. Sanford, Fredonia N. Y. 
Harpiphorus tarsatus Say, larvae on Cornus, July 28, F. E. Daw- 


ley, Syracuse N. Y. 
Coleoptera 


Scolytus rugulosus Ratz, fruit tree bark beetle, work in plum, Ap. 
8, Helen Blydenburgh, Smithtown Branch L. I. 
Madarus undulatus Say, Nov. 2, J. R. de la Torre Bueno, Van 


Cortlandt Park N. Y. 
Otiorhynchus sulcatus Fabr., adult on strawberry, June 24, 


Thomas Cunningham, Vancouver, British Columbia 
O. ovatus Linn., adult on strawberry, June 24, Thomas Cunning- 


ham, Vancouver, British Columbia ; 
Hemantus floralis Linn, adult, Sep. 12, Richard Lohrmann, 


Herkimer N. Y. 


a 


50 NEW YORK STATE MUSEUM 


Bruchus pisorum Linn., pea weevil, adults, Oct. 28, — Wendell 


Dorn, Pattersonville N. Y. 

Phyllotreta vittata Fabr., adult on radish, July 1, G. S. Graves, 
Newport N. Y. ; 

Haltica ignita Ill, adult on elm, June 27, G. S. Graves, Newport 
NYY: 7 


Galerucella luteola Miill., elm leaf beetle, pupae and larvae on elm, 


July 19, C. L. Williams, Glens Falls N. Y. 

Graphops pubescens Melsh, Nov. 2, J. R. de la Torre Bueno, 
Van Cortlandt Park N. Y. 

Saperda populnea Linn. oviposition scars on twigs, July 25, Dr 
L. Reh, Hamburg, Germany 

Centrodera decolorata Harr., adult on beech, July 1, G. S. Graves, 
Newport N. Y. 

Hylotrupes bajulus Linn, adult, June 28, Helen R. Burns, 
Yonkers N. Y. 

Osmoderma scabra Beauv., adult on pear, June 15, Mrs A. Lansing, 
Albany N. Y. 

Dorcus parallelus? Say, larva on appletree, Oct. 17, G. S. Graves, 
Newport N. Y. 

Sitodrepa panicea Linn., drugstore beetle, adult, Aug. 24, Warren 
L. Bradt, Albany N. Y. 

Drasterius elegans Fabr., larvae on potatoes, May, C. B. Bassett, 
Beerston N. Y. 

Alaus oculatus Linn., ow! beetle, adult, June 8, J. Hannam Clark, 
Coldwater N. Y. 

Cryptophagus sp., beetles on dried, moldy squashes, Feb. 15, C. H. 
Peck, Menands N. Y. 

Silvanus surinamensis Linn. saw-toothed grain beetle adult in 

house, July 12, R. D. Palmateer, Waterford N. Y. 

Necrophorus americanus Oliy., American carrion beetle, adult, 
Aug. 18, through Country Gentleman, Fair Haven N. J. 

Smilia misella Lec, adult on San José scale, Nov. 24, E. S. Miller, 
Germantown N., Y. 

Lebia grandis Hentz. Nov. 2, J. R. de la Torre Bueno, Van Cort- 
landt Park N. Y. 

List of larvae from Dr F. Meinert, Copenhagen, Denmark: Dytiscidae— 
Hyphydrus ovatus Laccophilas hyalinus.DeGr el 
minutus Fabr.PCremidotus caesar Duftrchm, Haliplus 
ruficollis DeG, Ilybius fenestratus Fabr., Deronectes 
(Hydroporus) -depressus Fabr. 


Diptera 

Gastrophilus equi Fabr., horse bot fly, egg on hairs of a boa, May 3, 
P. L. Huested, Blauvelt N. Y. 

Pegomyia vicina Lintn., beet leaf miner, larva on beet, June 28, 
George T. Powell, Lenox Mass. 

Erax bastardii Macq. robber fly, adult, July 28, J. E. West, Pough- 
keepsie N. Y. 

Culex melanurus Coq, larvae, H. G. Dyar, Washington D. C. 
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Cu lex aur ifer Coq., larvae and adults, H.G. Dyar, Washington, D, C 
C. triseriatus Say, larvae, H. G. Dyar, Washington D. C. 
C. dupreei Coq, larvae, H. G. Dyar, Washington D. C. 
Gr res tuans Theo., larvae, Noy. 2, J. R. de la Torre Bueno, Staten 
Island N. Y. 
C. sylvestris Theo., larvae, Nov. 2, J. R. de la Torre Bueno, Staten 
-Island N. Y. 
C. jamaicensis Theo. larvae, Noy. 2, J. R. de la Torre Bueno, 
Staten Island N. Y. 
C. dyari Coq, larvae, H. G. Dyar, Washington D. C. 
C. atropalus Cogq,, larvae and adult, H. G. Dyar, Washington D. C. 
C. discolor Coq, larvae, H. G. Dyar, Washington D. C. 
C. sollicitans Walk. male and larvae, Nov. 2, J. R. de la Torre 
Bueno, Staten Island N. Y. : 
Theobaldia incidens Thomson, larvae, H. G. Dyar, Washington 
Die . 
Psorophora ciliata Fabr., adults and larvae, Nov. 2, J. R. de la 
Torre Bueno, Staten Island N. Y. 
Sciara ocellaris O. S., larvae on maple, June 4, P. L. Huested, 
Blauvelt N. Y. 
Lasioptera vitis O. S., larvae on grape, June 8, David Muirhead, 
New Brighton N. Y. 
?Cecidomyia persicoides O. S., hickory peach gall on hickory, 
Sep. 23, A. Zabriskie, Barrytown N. Y. 
Cecidomyia verrucicola O. S., adult on Tilia, July 23, G S. 
Graves, Newport N. Y. 
C. pellex O. S., larvae on ash, May 30, O. Q. Flint, Athens N. Y. 
Larvae received from Dr F. Meinert, Copenhagen, Denmark: Thalacro- 
cera replicata L, Trichocera maculipennis Meig, 
Mochlonyx culiciformis DeG, Corethra plumicor- 
nis Fabr., Dixa aprilina Meig., Corethra pallida Fabr, 
Chironomus venustus Fries, Tanypus sp, Ceratopo- 
gon bipunctatum Gmel, Ceratopogon circumdatum 
Staeg., Miastor metraloas Mein. 
Siphonaptera 
Ceratopsyllus serraticeps Gerv., cat and dog. flea, Aug. 16, 


G. S. Kidder, Port Henry N. Y. 
Lepidoptera 


Anosia plexippus Linn, adult on Asclepias, July 25, Frances Mc-- 


Carty, Albany N. Y. 
Sphecodina abbotii Swains, larva, July 5, J. J. Smith, Albany N. We 
Plegethontius quinquemaculata Haworth, Sep. 30, H. O. 

Bassett, Schenectady N. Y. 

Ceratomia amyntor Hibn, hawk moth caterpillar on elm, Aug. 16, 

Mrs Abraham Lansing, Albany N. Y. 

Antherea yama-maia Gner., Japanese silkworms, larvae on scrub 
oak, May 31, L. H. Joutel, New York 
Philosamia cynthia Drury, Ailanthus worm, cocoon, June 10, H. C. 


Hearman, Lansingburg N. Y. 
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Tropaea luna Linn. Luna moth, adult on walnut, June 14, Rev. A. M. 
Kling, Eminence N. Y. 

Halisidota caryae Harr., hickory Tussock moth, larvae, Aug. 12, 
Raymond Watson, Lockport N. Y. t 

Alypia octomaculata Fabr., 8-spotted forester, larva on grape, June 
8, David Muirhead, New Brighton N. Y.> 

Agrotis messoria Harr., dark sided cut worm, larvae, June 3, K. L. 
Palmatin, Catskill N. Y. Same, June 28, B. F. Haskell, Portland 
Me. 

Papaipema nitela Guen., stalk borer, larva on tomato, June 28, 
J..M. Dolph, Port Jervis N. Y. Same on corn, June 29, D. F. Meskil, 
Highlands N. Y. 

Schizura concinna Sm. & Abb. red-humped appletree caterpillar, 
larvae on apple, Sep. 7, W. H. Gifford, Onondaga co. N. Y. 

Malacosoma americana Fabr., tent caterpillar, eggs on apple, 
Ap. 8, Helen Blydenburgh, Smithtown Branch L. I. 

Megalopyge opercularis Sm. & Abb. rabbit moth, cocoon on 
maple, Aug. 2, Chester L. Whitaker, Somerville Mass. 

?Zeuzera pyrina Linn, leopard moth, work? on ?Norway maple, Nov. 
24, Ferdinand Fish, Brooklyn N. Y. 

Cossus centerensis Lint. larvae on Populus deltoides Marsh, July 
26, S. C. Bradt, Albany N. Y. ; 
Thiodia signatana Clem. on maple, Sep. 23, Mrs Williamson, 

Onteora N. Y. 

?Gelechia obliquistrigella Chamb.,, red-spruce bud worm, larvae 
on red spruce, Oct. 23, C. R. Pettis, Saranac Inn N. Y. 

Lithocolletis hamadryadella Clem, oak leaf miner, larvae on 
oak, Aug. 8, Mrs Isabella M. Banks, New Hamburg N. Y. 


Neuroptera 
Corydalis cornuta Linn, hellgramite fly, adult, June 27, Albert 
Spencer, Albany N. Y. 
Chaulioides pectinicornis Linn, comb horned fish fly, July 26, 
O. Q. Flint, Athens N. Y. 


Hemiptera 

Zaitha fluminea Say, waterbug, adult bearing egg mass, July 18, 
O. Q. Flint, Athens N. Y. 

Lygus pratensis Linn, Nov. 2, J. R. de la Torre Bueno, Van Court- 
landt Park N. Y. 

Ceresa bubalus Fabr., Buffalo tree hopper on apple, Oct. 3, Frank H. 
Knox, Troy N. Y. 

Trioza tripunctata Fitch, bramble flea louse, adult on wild black- 
berry, Sep. 1, Cyrus R. Crosby, Penn Yan N. Y. 

Pachypsylla celtidis-mamma Riley, jumping plant louse, gall on 
hackberry leaf, Celtis, Aug. 2, O. Q. Flint, Athens N. Y. 

Phylloxera caryaecaulis Fitch, hickory gall aphis, galls on hick- 
ory, Ap. 6, G. T. Powell, Ridgefield Ct. 

Schizoneura americana Riley, elm leaf wooly aphis, June 8, F. W. 
Wells, Saratoga Springs N. Y. Same, nymphs on elm, July 6, A. T. 
Sutcliffe, Chippewa Bay N. Y. 
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Pemphigus imbricator Fitch, on beech, Oct. 20, G. S. Graves, 
Newport N. Y. 

Aleyrodes vaporariorum West, on fuchsia, Jan. 12, Mrs W. H. 
Harrison, Lebanon Springs N. Y. 

Chermes pinicorticis Fitch, plant louse on balsam, Sep. 3, John T. 
Sackett, South Amenia N. Y. 

Pulvinaria innumerabilis Rathv., on maple, June 30, through 
James H. Stoller (Schenectady N. Y.) Riverhead N. Y. 

Lecanium? cerasifex Fitch, cherry Lecanium, adult on pear, May 
31, C. E. Eldridge, Leon N. Y. 

Coccus hesperidum Linn, house Lecanium, adults on fern, March 
18, Mrs E. H. Mairs, Irvington N. Y. 

Eulecanium nigrofasciatum Perg. on maple, Nov. 25, P. L. 

: Huested, Highland Falls N. Y. 

E. tulipiferae Cook, tulip scale, young on tulip, Feb. 15, P. L. Huested, 
Milton N. Y. Same, adult on tulip, July 9, Truman H. Baldwin, 
Nyack-on-the-Hudson N. Y. 

Chionaspis corni Cooley, adults on Cornus sanguinea, Feb. 6, 
B. D. Van Buren, Geneva N. Y. Same, adult on Cornus, Feb. 23, 
Thomas Cunningham, Vancouver, British Columbia 

C. pinifoliae Fitch, pine leaf scale insect on pine, Dec. 9, G. L. Flan- 
ders, Rochester N. Y. Same, on pine, Oct. 12, G. G. Atwood, Albany 
Ney 

C. furfura Fitch, scurfy bary louse on crab apple, Ap. 6, J. O. Carlton, 
New York city 

Chrysomphalus aonidum Linn, adults on rubber plant, Dec. 7, 
C. H. Peck, Menands N. Y. 

Aulacaspis pentagona Targ., West Indian peach scale on flowering 
cherry, Ap. 28, T. F. Niles, Chatham N. Y. 

A. rosae Bouche, rose scale, adult on blackberry, Dec. 14, State Depart- 
ment Agriculture, Ohio 

Aspidiotus ancylus Putn, Putnam’s scale, adults on Cornus 
florida, Dec. 12, State Department Agriculture, Flushing N. Y. 

A. forbesi Johnson, cherry scale on pear?, Ap. 16, Fred T. Wiley, 
Geneva N. Y. 

A. perniciosus Comst., San José scale, adults, on crabapple, Ap. 6, 
J. O. Carlton, New York. Same on currant, Ap. 8, Helen Blyden- 
burgh, Smithtown Branch L. I. Same on currant, Ap. 20, S. B. 
Huested, Blauvelt N. Y. Same on Japan weeping cherry, imported 
directly from Japan, Ap. 23, G. G. Atwood. Same on apple, peach, 
currant and Liburnum, May 13, Miss M. J. Tyers, Dobbs Ferry 
N. Y. Same on peach, May 21, S. F. Skidmore, East Hampton N. Y. 
Same, June 28, H. Steers, Larchmont N. Y. Same, all stages on crab- 
apple, July 11, David Muirhead, West New Brighton N. Y. Same on 
currant, July 15, G. T. Powell, Ghent N. Y. Same, all stages on pear, 
Aug. 1, David Muirhead, West New Brighton N. Y. Same, all stages 
on pear, Aug. 5, Mrs Edwin H. Mairs, Irvington N. Y. Same on 
plum, Sep. 17, Myron S. Wheeler, Berlin Mass. 

Lepidosaphes ulmi Linn, oyster shell scale eggs on silver maple, 
Ap. 9, through Country Gentleman, Wallkill N. Y. Same on horse- 
chestnut, Ap. 22,.T. L. Memikheim, New Dorp N. Y. Same on 
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willow, June 2, J. W. Fane, East Hampton N. Y. Same on apple, 
Sep. 15, E. Spaulding, Greenville N. Y. 2 
Ohio Coccidae received from Mr J. G. Sanders, Ohio State Univer- a 
sity, Columbus, June 13, 1904: Chionaspis corni Cooley on 
3 Cornus amomum, June 30, 1903, at Cedar Point, Erie co. 0.3; 
C. pinifoliae (Fitch) on pinus.strobus and P. vir- a 
giniana, Mar. 2, 1903, at Columbus, O.; C. gleditsiae Sanders 
(Cotypes). on 4Gleditsiai triacanthos, Mar. | Ii. 1903. at a 
Columbus O.; C. longiloba Cooley on Populus deltoides © (es 
(Cottonwood) Ap. 14, 1904, at Painesville O.; C. salicis=nigrae * 
(Walsh) on Salix sp. May 10, 1903, at Columbus O.; C. ameri- 
cana Johns. on Ulmus americana, Feb. 16, 1904, at Colum- 
bus O.; Chrysomphalus obsctrrus (Comst.) on Quercus 
alba, Mar. 15, 1904,-at Columbus O.; Aspidiotus juglans- 
regiae Comst. on Tilia americana, Ap. 4, 1904, at Columbus 
O.; Aspidiotus piceus Sanders (Cotypes) on Lirioden- 
dron tulipifera, July 7, 10903, at PainesvilleO.; Eulecanium 
fletcher] (Chih). on Juniperus ving imijama, Oct 14, 100s, 
at Columbus O. 
Orthoptera 
Oecanthus niveus DeGr., white flower cricket, eggs on plum, Ap. 20, 
W. L. Martin, Middlebrook Va. 
Hippiscus tuberculatus Beauv., coral-winged locust, nymph on 
snow, Mar. 16, H. A. Van Fredenberg, Port Jervis N. Y. 
Diapheromera femorata Say, walking-stick, adult, Aug. 17, Miss 
Grace Smith, Albany N. Y. Same, adult, Sep. 26, Miss Rhoda 
Thompson, Ballston Spa N. Y. 
Tenodera sinensis, mantis, adult on grapevine, Nov. 19, FL. W. 
Hopper, Philadelphia Pa. 
Ephemeridae 
Palingenia bilineata Say, May fiy, adult, July 28, J. E. West, 
Poughkeepsie N. Y. 
Trichoptera 
Hydropsyche morosa Hag, caddis fly, adult, June 14, Miss M. B. 
Sherman, Ogdensburg N. Y. 


Acarina 

Phytoptus acericola Garm, gall mite, gall on sugar maple, July 12, 
Edwin Buchman, Valley Falls N. Y. 

P.abnormis Garm,, gall mite, adult on linden, July 23, G. S. Graves, 
Newport N. Y. 

Myriapoda 

Scutigera forceps Raf, house centipede, Nov. 21, J. N. Dolph, 
Port Jervis N. Y. 

Julus caeruleocinctus Wood, blue-banded milliped, Oct. 17, G. S. 
Graves, Newport N. Y. Same, June 2, T. A. Cole, Madison co. N. Y. 


Total i sucesso a 'otsahg'S pus 3950 eusdehe Rent orelote iMiceretehG nn ar cre een nee 161 
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APPENDIX 2 ie 
NEW ENTRIES ON GENERAL RECORD OF LOCALITIES OF 


AMERICAN PALEOZOIC FOSSILS BELONGING TO THE 
STATE MUSEUM i 


Alphabetic list of localities 


_ Amsterdam (Montgomery co.), 3412 , Lahuquet’s cove, P. Q., 33890 


Big Creek (Steuben co.), 3370 Little Gaspé, P. Q., 3390, 3394 
Black river (Jefferson co.), 3399, | Little Gaspé peninsula, P. Q., 3396 
3408 ‘ Lowville (Lewis co.), 3409, 3410 
Bonaventure island, P. Q., 3386 Marblehead, Ohio, 3366 - 
Brownville (Jefferson co.), 3408 Mill creek (Lewis co.), 3410 
Gap; Blane ).P. :Q:,- 3377, 3380" Mt Ste Anne, P. Q., 3382 
~ Barre,-B,, 0; 3378 Mt Joli, P. Q., 3376, 3379, 3381 
“Bon Ami, P. Q., 3306 Penn Yan (Yates co.), 3397 
Cape Gaspé, P. Q., 3393 | Percé, P. Q., 3375, 3376, 3377, 3379, 
Dolbel’s brook, P. Q., 3387, 3388 3380, 3381, 3382 
Gaspé basin, P. Q., 3373, 3374, 3383, | Percé rock, P. Q., 3375 
3384, 3385 Pittsford (Monroe co.), 3411 
Gaspé bay, P. Q., 3384 Sandusky, Ohio, 3360 
Gaspé mountain, P. Q., 3373 Shiphead, P. Q., 3393 
Gaveys cove, P. Q., 3395 “ Spring House” farm (Monroe co.), 
Grande Gréve, P. Q., 3387, 3388, 3389, 3411 - 
3390, 3391, 3392, 3395 Swartwood (Chemung co.), 3398 
Hornellsville (Steuben co.), 3370, | Valcour island (Lake Champlain), 
3371, 3372 3413 
Honey run (Steuben co.), 3371 Watertown (Jefferson co.), 3399, 
Johnson’s island, Ohio, 3367 3400, 3401, 3403, 3404, 3405, 3406, 
Kelley’s island, Ohio, 3368 3407 


New York localities according to counties 
Names in italics are new to the record 


CHEMUNG CO. Lowville STEUBEN CO. 

Swartwood Mill creek Big Creek 
JEFFERSON CO. MONROE CO. Hornellsville 

Black river Pittsford Honey run 

Brownville “ Spring House” farm YATES CO. 

Watertown MONTGOMERY CO. Penn Yan 
LEWIS CO. Amsterdam 

Index to formations 

Lower Siluric, 3376, 3381 Devonic, 3382 
Chazy limestone, 3413 Devonic? (Gaspé sandstone) 3373, 
Trenton limestone, 3412 3374, 3383, 3387 
Siluric, 3380, 3382, 3386 Devonic (Grande Gréve limestone), 
Salina (Pittsford shale), 3411 | 3388, 3389, 3390, 3391, 3392, 3393, 
Upper? Siluric, 3379 | 3304, 3395, 3396 
Lower Devonic, 3375, 3377, 3378, | Cashaqua shales, 3397 

3384, 3385 Ithaca beds, 3398 
Onondaga limestone, 3366, 3367, | Chemung, 3370, 3371, 3372 


3368, 3360 


\ 
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Record of localities 
3366 Onondaga limestone. Marblehead O. FE. V. Morse, Lorain O. Ex- 


change. 

3367 Onondaga limestone. Johnson’s island, Ohio. E. V. Morse, Lorain O. 
Exchange. 

3368 Onondaga limestone. Kelley’s island, Ohio. E. V. Morse, Lorain O. 
Exchange. ~ 


3369 Onondaga limestone. Sandusky O. E. V. Morse, Lorain O. Exchange. 

3370 Chemung beds. Big Creek, 2 miles north of Hornellsville, Steuben co. 
C. A. Hartnagel, collector. 1903. 

3371 Chemung beds. Honey run, 2 miles southwest from Hornellsville, 
Steuben co. C. A. Hartnagel, collector. 1903. 

3372 Chemung beds. Quarry at railroad cut of Erie Railroad, 1 mile west of 
Hornellsville, Steuben co. C. A. Hartnagel, collector. 1903. 

3373 Gaspé sandstone. Portage road and Gaspé mountain, 350’ A. T., 
back of Gaspé basin, P. Q. J. M. Clarke, collector, 1904. 

3374 Gaspé sandstone. Gaspé basin, P. Q., foot of hill at wharf. J. M. Clarke, 
collector. 1904. 

3375 Lower Devonic. Percé rock, Percé P. Q. J. M. Clarke, collector. 1904. 

3370 Lower Siluric. South flank of Mt Joli, Percé P. Q. J. M. Clarke, col- 
lector. 1904. 

3377 Lower Devonic? Lower beds of Cap Blanc, exposure in highway, Percé 
P.Q. J. M. Clarke, collector. 1904. 

3378 Lowest Devonic. Cap Barré, Percé P. Q. J. M. Clarke, collector. 1904. 

3379 Upper? Siluric. North flank of Mt Joli, Percé P. Q. 

3380 Silurian. Southernmost or highest beds at Cap Blanc, Percé P.Q. J. M. 
Clarke, collector. 1904. 

3381 Lower Silurian. Found loose on shore of Mt Joli, Percé P. Q. J. M. 
Clarke, collector. 1904. 

3382 Pebbles containing Siluric and Devonic fossils from Bonaventure con- 
glomerate (Lower Carboniferous). Mt Ste Anne, Percé P. Q. J. M. 
Clarke, collector. 1904. 

3383 Gaspé sandstone. 3 miles northwest of Gaspé basin, P. Q. on Southwest 
Arm. J. M. Clarke, collector. 1904. 

3384 Lower Devonic? Limestones loose on Southwest Arm, Gaspé bay, 3 
miles west of Gaspé basin, P.Q. J. M. Clarke, collector. 1904. 

3385 Lower Devonic. Upper Grande Gréve limestones from blocks in the 
stream at peninsula opposite Gaspé basin, P. Q. J. M. Clarke, col- 
lector. 1904. 

3386 Pebbles with Silurian fossils in the Bonaventure (Lower Carboniferous) 
conglomerate. Bonaventure island, P. Q. J. M. Clarke, collector. 
1904. ; 

3387 Gaspé sandstone? Loose in Dolbel’s brook, Grande Gréve P. Q. J. M. 
Clarke, collector. 1904. 

3388 Grande Gréve limestone. Lowest layers, Dolbel’s brook, Grande 
Gréve P. Q. J. M. Clarke, collector, 1004. 

3389 Grande Greéve limestones, Lahuquet’s cove, Grande Gréve P. Q. J. M. 
Clarke, collector. 1904. 

3300 Grande Gréve limestones; upper layers. Between Grande Gréve and 
Little Gaspé P. Q. below highway. J. M. Clarke, collector. 1904. 
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3391 Grande Greve limestones ; uppermost layers. On the slope about Grande 
Gréve P. Q. J. M. Clarke, collector. 1904. 


-. 3392 Grande Gréve limestones; upper layers. Grande Gréve P. Q. oT M. 


Clarke, collector. 1904. 

3393 Grande Gréve limestones. Shiphead, Cape Gaspé P. Q., 75 feet below 
top. J. M. Clarke, collector. 1904. 

3394 Grande Gréve limestones; uppermost beds. Little Gaspé P. Q. J. M. 
Clarke, collector. 1904. 

3395 Grande Gréve limestones; upper layers. Gaveys cove, Grande Gréve 
P. Q. J. M. Clarke, collector. 1904. 

3390 Grande Gréve limestones. Loose at top of Cape Bon Ami, north side of 
Little Gaspé peninsula, P. Q. J. M. Clarke, collector. 1904. 

3397 Cashaqua shales. Goniatites. In a ravine 880 feet A. T., 1 mile south of 
Penn Yan, Yates co. D. D. Luther, collector. 1904. 

3398 Ithaca beds. Crustaceans. Swartwood, Chemung co. E. E. Davis, donor. 

Cho Sipe eee ee North bank of Black river half way between the two 
bridges at the opposite end of Watertown, Jefferson co. At, beds I-12. 
Marcus I. Goldman, collector. 1904. 


& 7 (0,0 ee aE A 2. Corner Wall and Front st., Watertown. 100 feet + 
back from A 1, beds 1-2. Marcus’I. Goldman, collector. r1g904. 

AD ee paws ois A 3. 120 feet east of A 2, bed rt. Marcus I. Goldman, col- 
lector. 1904. 

BAO2 aera sear sae A 4. On south bank of Black river opposite A 1, beds a -18. 
Marcus I. Goldman, collector. 1904. 

BAOS eens Q 1. Brennan & O’Brien’s quarry, 2 miles + north of Mill 
street bridge, Watertown. Beds 1-11. Marcus I. Goldman, collector. 
1904. 

AOA TIES Boers hogs ose Q 2. % mile north of Q 1. Beds 1-20. Marcus I. Gold- 
man, collector. 1904. 

BAOS Meese 5% Q 2’. Opposite Q 2. Beds 1-3. Marcus I. Goldman, col- 
lector. 1904. 

BAS gene nar o Q 3. Quarry in Trenton in bluff at west end City park. 


Not subdivided into numbered beds. Upper and lower half partly 
distinguished. 2 divisions. Marcus I. Goldman, collector. 1904. 


BAO7 rss. ts eee R 1. Along road leading up to city park from west end. 
Stations 1-7. Marcus I. Goldman, collector. 1904. 

BAOS ue axe Aa sicis Br. North bank of Black river at Brownville, Jefferson co. 
Beds 1-25. Marcus I. Goldman, collector. 1904. 

GAOO Ms ease eer L 1. Contact of sediments and crystallines % to 1 mile 
west of Lowville, Lewis co: Beds 1-18. Marcus I. Goldman, collector. 
1904. . 

BAT Oe anieeriertsers L 2. Dutcher quarry beside railroad and Mill creek, Low- 


ville. Beds 1-10. Marcus I. Goldman, collector. 1904. 

3411 Pittsford shale at base of Salina group. “Spring House” farm, Pitts- 
ford, Monroe co. Frederick Braun, collector. 1904. 

3412 Trenton limestone, near Amsterdam, Montgomery co. J. N. Gris- 
wold, donor. 1904. 

3413 Chazy limestone. Cephalopoda from the dove-colored limestone of Val- 
cour island, N. Y. G. H. Hudson, donor. 1904. 
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APPENDIX 3. 
Supplement 2 


To the list of type specimens of paleozoic fossils in the possession 


of the State Museum. The general classified list, covering 5159 


numbers, was published as Museum bulletin 65. Supplement 1 


was published as part of the annual report of the Paleontologist _ 


1903. 


PLANTAE 


Fucoides dentatus see Diplograptus dentatus 
Fucoides serra see Tetragraptus serra 


57582452 


5759 690 


5760 S40 


lo 


5761 198 


CNIDARIA 
BRYOGRAPTUS Lapworth 
Bryograptus lapworthi Ruedemann 


TYPE Bryograptus lapworthi  .Ruede- 
mann. New York state museum memoir 7. rgo04. 
p.639, fig.47. 

Beekmantown graptolite shale 
Deep kill, Rensselaer co. N. Y. 
. R. Ruedemann, coll. r901z 

TYPE Ruedemann. New York state museum memoir 

4. LOCALE Die ae ae 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. rgo1 
On slab with types of Bryograptus lapworthi, 
pl.5, fig.3; Tetragraptus quadribrachiatus, 


plas figs se na ag p.656, fig.56;- Phyllograp- 
tus anna, pl.r5, fig.24. 


TYPE Ruedemann. New York state museum memoir 


7. 1904. pl.s, fig.c. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
On slab with typesof Bryograptus lapworthi, 
pls, figgo; Tetragraptus taraxacum, pl.za2, 
fig.23. 
TYPE Ruedemann. New York state museum memoir 
7. 1904, pl.s, fig.3. 
Beekmantown graptolite shale Deep kill, N. Y 
R. Ruedemann, coll. rgor 
On slab with types of Bryo graptuws lapworthi, 
pl.s, fig.1; Tetragraptus quadribrachiatus, 
Plt. igen. Tetragraptus serra, p.656, fig.56; 
Phyllograptus anna, pl.rs, fig.24, 


Vee 


» =< 
SS 


“TYPE. ont? ot ee York are museum memoir ~ 

ane 7- Tg04. pl.s, fig.4. 
MS: Beekmantown graptolite shale ~ Deep kill, N. Y. 
R. Ruedemann, coll. rg01 
On slab with type of Didymograptus exten; 

= sus, pl.14, fig.r. 

5763 358° type Ruedemann. New York state museum memoir 

 - . 7- 1904. pl.s, fig.s. 
a —Beekmantown graptolite shale Deep kill, N. Y. 
: R. Ruedemann, coll. 1901 


On slab with types of Bryograptus lap- 
worthi, pls, fig.6; -Tetragraptus taraxa- 
cum, pl.r2, fig.26. 


5764 #°*° type Ruedemann. New York state museum memoir 


7: VEGOaL” (pits Shee: 
Beekmantown graptolite shale Deep kill, N. Y. 


a R. Ruedemann, coll. rgo01 
2 ~ On slab with types of Bryograptus lap- 
— - Worm peste. s- letragraptus tana xa- 
e— eum, “pl.x2,, fig:26. 

4 5765 *°%° type Ruedemann. New York state museum memoir 
E y,. § 1904S pls fig.7, Tr: 


Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
3 5766 %%°9 typE Ruedemann. New York state museum memoir 
i 7 1904, pls, fig.8. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. rgo1 
On slab with types of Tetragraptus amii, 
p-648, fig.3, pl.rt, fig.6 and counterpart of type of Tetra- 
graptus amii, pl.r1, fig.7. 
5767 399° type Ruedemann. New York state museum memoir 
an) ge4) (oplis; fig.o% 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. rgo01 
Onslabwith typesof Bryograptus lapworthi, 
pls, fig. 2; Tetragraptus taraxacum, pl.r2, 
fig.23. 
5768 229° TYPE (2 specimens, fossil and counterpart) Ruedemann. New 
York state museum memoir 7. 1904. pl.5, fig.ro. 
-Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 190 , 


° TYPE 
7. .1904. pl-5, fig-72. se le 
_ Beekmantown graptolite shale Deep kill, N. Y. 


Ruedemann. New York state museum memoir _ 


~ On slab (other side) with type of Tetragraptus 
radii 2 pli ries hip. pe 


Bryograptus pusillus Ruedemann 


3093 typE Bryograptus pusillus Ruedemann. New 


York state museum memoir 7. 1904. p.641, pl.4, 

fig.21, 22. 
becenahtowh graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. rgo1 


CALLOGRAPTUS Hall 
Callograptus cj. diffusus Hall 


HypotyPE Dendrograptus? (Callograptus?) 
diffusus Hall. Geological survey of Canada; 
Canadian organic remains, decade 2. 1865. p.132. 
Callograptus cf. diffusus Ruedemann. 
New York state museum memoir 7. 1904. p.586; 
587, fig.2o. é 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
On slab (other side) with type of Phyllograp- 
tus anna, pl.r5, fig.23. 
HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.4, fig.7. 
Beekmantown graptolite shale Deep tll, Nave 
R. Ruedemann, coll. 1901 
Callograptus salteri Hall 


- HypoTyPE Callograptus salteri Hall. Geological 


je 
| 


> 
ja 


survey of Canada; Canadian organic remains, decade 
at sB86g oN pags: 
Ruedemann. New York state museum memoir rie 
1904. p.585, fig.18, pl.3, fig.rs. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. rgo1 
HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. p.585, fig.19. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. rgor 


R. Ruedemann, coll. 1901 


7% IRECTOR 1904 


HYPOTYPE Ruedemann. «New York state museum 
-— memoir 7. 1904. pil.3, fig.13. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 is 
a 5776 pss HYPOTYPE Ruedemann. New York state museum ~° 
. memoir 7. 1904. pl.3, fig.14. 
Beekmantown graptolite shale Deep kill, N. Y. ; 
R. Ruedemann, coll. rgor 


CARYOCARIS Salter 
Caryocaris cf. curvilineatus Gurley 


5777 *92° mypotyPpE Caryocaris cf. curvilineatus 
Gurley. Journal of geology. 1896. 4:738. 
Ruedemann. New York state museum memoir 7. 
T904~ pl. Py Mig. 17) 
Beekmantown graptolite shale Deep kill, N. Y. 
~ R. Ruedemann, coll. rg0r 


On slab with typeof Didymograptus nitidus, 
p.672, fig.66. 


CLIMACOGRAPTUS Hall 


Climacograptus? antennarius see 
Climacograptus? (Cryptograptus) antennarius 


Climacograptus? (Cryptograptus) antennarius Hall 


5778 2485 mypotype Climacograptus? antennarius 
Hall. Geological survey of Canada; Canadian 
organic remains, decade 2. 1865. p.112. 
Climacograptus: (Cryptograptus) 
antennarius. Ruedemann. New York state 
museum memoir 7. 1904. pl.16, fig.2r. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
On slab with types of Glossograptus echin- 
atus,) pli6, figit; Trigonograptus enst- 
BO CO tS epl.T 7. lig:8. 
5779 2485 uypotyPE Ruedemann. New York state museum 
memoir 7. 1904. pl. 16, fig.22. 
Beekmantown graptolite shale Deep kill; N.Y. 
R. Ruedemann, coll. rgo0r 
On slab with type of Trigonograptus ensi- 
form is , pl. 17, fig.12. 


es) HYPOTYPE| ea ages 
memoir 7. 1904. oe ee agus ; 

sesh gastos an graptolite shale — meh kill, N. es 

ee R. Ruedemann, etl Igor 
On slab with type of Eunema accola sys 
Dictyonema rectilineatum, p.608, fig.29, pl.3, 
~ fig.10; Strophograptus BREE OM A De pe ee 
ees fig.17-20. : 


5781 8485 nyporype Ruedemann. New Verte state museum 
memoir 7. 1904. pl.16, fig.24. 
Beekmantown graptolite shale Deep kill, N. Y. 


eas R. Ruedemann, coll. rgor1 
On slab with types of Ptilograptus geinitz- 
ianus, pl.4, fig.16; Cian Ae oS aaesT anten- 
Hi arias; plic6y fie.2s. 
5782 3185 HypotypE Ruedemann. New York state museum 
memoir 7. 1904. pl.16, fig.25. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. rgor 
On slab with types of Ptilograptus geinitz- 


ianus, pl.4, fig16; Climacograptus? (Cryp- 
tograptus) antennarius, pl.16, fig.2q. 


i 
an 
on 


: 5783 3185 HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.16, fig.26. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
Climacograptus pungens Ruedemann 
5784 3488 TYPE Climacograptus pungens  Ruede- 


mann. New York state museum memoir 7. 1904. 
p.730, pl.16, fig.r4. 
Beekmantown graptolite shale 
Mt Moreno, Columbia co. N. Y. 
R. Ruedemann, coll. 1903 
On slab with type of Phyllograptus anna 
mut. ultimus, p.715, fig.go. 
5785 *4°* type Ruedemann. New York state museum memoir . 
7. S84. “pki6 fem 
Beekmantown graptolite shale 
Mt Moreno, Columbia co. N. Y. 
R. Ruedemann, coll. 1903 


On slab with type of Diplograptus laxus, 
pl.16, fig.2. 


m memoir 7. ca pa pl.16 

ain inpss graptolite shale | ; 

se Mt Moreno, Catia co. N. y. 

S63 ~~ -R. Ruedemann, coll. 1903 

“a essa with type of oe ee ae 

it Binaw pl.13, fig.16. 

S81 — TYPE Ruedemann. New York stata museum memoir 
7 1904. pil.16, fig.17. 

Beekmantown graptolite shale 

Mt Moreno, Columbia co. N.Y. 

R. Ruedemann, coll. 1903 

5788 #458 type Ruedemann. New York state museum memoir 
7. 1904. pl.16, fig.18. 

J Beekmantown graptolite shale Deep kill, N. Y. 

ee. R. Ruedemann, coll. 1901 


5789 #1588 type Ruedemann. New York state museum memoir 
7. 1904. pl. 16, fig.ro. 
Beekmantown graptolite shale 
Mt Moreno, Columbia co. N. Y. 
a i: R. Ruedemann, coll. 1903 


5790 #488 type Ruedemann. New York state museum memoir 
7. 904. pil.16, fig.20. 


Beekmantown graptolite shale 
Deep kill, N. Y. 


R. Ruedemann, coll. 1901 
Clonograptus (Goniograptus) sp. nov. 
see Goniograptus perflexilis 


pawsoniA Nicholson 


oy ee Fe i aa sre ie an (al a 
~ \ a i> ‘ 
\ 


-Dawsonia monodon Gurley 


. 5791 23°95 uypoTtypPE Dawsonia mon odon Gurley. Journal 
3 of geology. 1896. 4:88. 

Ruedemann. New York state museum memoir 7. 
1904. pl.r7, fig.21, 23. 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. 1901 

f On slab with types of Dawsonia monodon, 
. pl.17, fig.22, 24. 
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5792 3305 wypotyPE Ruedemann. New York state - museum 
memoir 7. 1904. pl.17, fig.22. 
Beekmantown graptolite shale | Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
On slab with types of Dawsonia monodon, 
Pity, He. eres ae 


5793 2325 uypotype Ruedemann. New York state museum — 


memoir 7. 1904. pl. 17, fig. 24. 
Beekmantown graptolite shale Deep kill, N. Y. 
- R. Ruedemann, coli. 1901 
On slab with types of Dawsonia monodon, 
pl.a7, fig.21—23. 
5794 2325 uypoTyPE Ruedemann. New York state museum mem- 
oir 7. 1904. pl.17, fig.25. 
Beekmantown graptolite shale Deep init, Nay. 
R. Ruedemann, coll. 1901 
5795 3325 HypoTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl. 17, fig.26. 
Beekmantown graptolite shale Deep ist! Ny: 
R. Ruedemann, coll. 1901 


Dawsonia tridens Gurley 


5796 *8°° HypotyPE Dawsonia tridens Gurley. Journal 
of geology. 1896. 4:88. 
Ruedemann. New York state museum memoir 7. 
1904. pl.17, fig.18. 
Beekmantown graptolite shale Deep kill, N. Y. 
; R. Ruedemann, coll. rgo1z 
5797 *4°° HnypoTyPE Ruedemann. New York state museum 
memoir 7. 1904. pl.17, fig.ro. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. rg901z 
5798 #3°° HypoTyPE Ruedemann. New York state museum 
memoir 7. 1904. pl.r7, fig.2o. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 


DENDROGRAPTUS Hall - 


Dendrograptus? (Callograptus?) dif- 
fusus see Callograptus cf. diffusus 


__Dendrograptus flexuosus Hall st 
‘ wypotyPE Dendrograptus flexuosus Hall. 
Geological survey of Canada; Canadian organic 
e remains, decade 2. 1865. p.127. : 
eo bo ~ Ruedemann. New York state museum memoir 7. 
1904. pl.4, fig.5. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
-—On slab with type of Dendrograptus flex- 
uosus, pl.4, fig.6. 
5800 33,97 HypoTtyPE Ruedemann. New York state museum 
memoir 7. 1904. pl.4, fig.6. 
Beekmantown graptolite shale Deepal N-sY* 
R. Ruedemann, coll. rg01 
On slab with type of Dendrograptus flex- 
wosws, pligfig.s- 
5801 33,97 HypoTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.4, fig.8, 9. 
Beekmantown graptolite shale Deep kill, N.Y. 
R. Rudemann, coll. 1901 


On slab with type of Goniograptus thureaui 


4 var. postremws, pl.6, fig.o. 

: Dendrograptus fluitans Ruedemann 

4 5802 23°8 rypp Dendrograptus fluitans Ruedemann. 
New York state museum memoir 7. 1904. p.582, 
4 pl.4, Og.1F,.12: 

a Beekmantown graptolite shale Deep kill, N.Y. 
: R. Ruedemann, coll. 1901 
Dendrograptus ? succulentus Ruedemann a 


5803 2329 type Dendrograptus? succulentus Ruede- 
mann, New York state museum memoir 7. 1904. 

p.581, fig.16; p.582, fig.17, pl.4, fig.r. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. igor 


oa ce) 2 ee, 


On slab with types of Desmograptus cancel- 
latus, pl.3, fig:7; Dendrograptus (a ismacenie 
lentus, pl.4, fig4; Loganograptus logani, 

pl.g, fig.3; pl.o, fig.4. 
a 5804 230° type Ruedemann. New York state museum memoir 
7, 1904. pl.4, fig.2. 
Beekmantown graptolite shale Deep kill, N. Y. 
x R. Ruedemann, coll. 1901 
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5805 32309 type Ruedemann. New York state museum memoir 7. 
1904. pl.4, fig.3. ; 

Beekmantown graptolite shale Deep kill, N. Y- 

R. Ruedemann, coll. rg0r 

On slab (other side) with type of Desmograptus 

ecancellatus, pl.3, fig.6. 

5806 339° type Ruedemann. New York state museum memoir 7, 
1904. pl.4, fig.4. ; 

Beekmantown graptolite shale Deep kill, N. Y. 

~_R. Ruedemann, coll. r901 


On slab with types of Desmograptus cancel- 
latus, Dhaene. 79 Diend roe rapt s on esticet 
lentus, pl4, fig1; Loganograptus logani, 
pl.g, fig.3, 4. 


DESMOGRAPTUS Hopkinson 
Desmograptus cancellatus Hopkinson 


5807 231° HypoTyPE Dictyograptus (Desmograptus) 
cancellatus Hopkinson. Quarterly journal of 
the geological society of London. 1875. 31:688. 
Desmograptus cancellatus Ruedemann. 
New York state museum memoir 7. 1904. p.6Io. 
Pls. es 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
5808 33,19 HypoTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.3, fig.6. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 


On slab (other side) with typeof Dendrograptus? 
S moet lie nie. plea, a psae 


5809 331° HypoTyPE Ruedemann. New York state museum 
memoir 7. 1904. p.610, fig.31, pl.3, fig.7. 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. rgc: 

On slab with types of Dendrograptus ? sucs 


culentus, pl.4, fig1, 4; Loganograptus los 
gamni, pl.g, fig.3, 4. 


5810 #37° HypoTyPE Ruedemann. New York state museum 
memoir 7. 1904. pl.3, fig.8. 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. 1901 


“to 
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-—,s Desmograptus intricatus Ruedemann —™” ee 
583t, “go TYPE Desmo graptus intricatus Ruedemann., 
New York state museum memoir 7. 1904. p.611; 
609, fig.30. 

Beekmantown graptolite shale Deep kill, N. Y.. 
R. Ruedemann, coll. r901 
5812 #511 type Ruedemann. New York state museum memoir 
7. 1904. p.612, fig.33, pl.3, fig.z. 
Beekmantown graptolite shale Deep kill, N. Y.. 
R. Ruedemann, coll. t901 
5813 2311 type Ruedemann. New York state museum memoir 
7. 1904. pil.3, fig.2. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
5814 3344 TYPE Ruedemann. New York state museum memoir 7. 
1904. p.611, fig.32, pl.3, fig.3. 
Beennatcn graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
On slab with type of Trigonograptus ensi- 
formis, pl.17, fig.o. 
5815 3311 type Ruedemann. New York state museum memoir 7. 
1904. pl. 3, fig.4. 
Beekmantown graptolite shale Deep kill, N..Y. 
R. Ruedemann, coll. 1901 


DICHOGRAPTUS Salter 
Dichograptus octobrachiatus Hall (sp.) 


5816 3312 nypotyPpE Graptolithus octobrachiatus 
Hall. Geological survey of Canada; report for 1857, 

TS5o.,  p.122. 
Dichograptus octobrachiatus Rue- 
demann. New York state museum memoir 7. 1904. 

pl.8, fig.z. 

Beekmantown graptolite shale Deep kill, N .Y. 
R. Ruedemann, coll. 1901 


5817 3812 12] BYPOTYPE Ruedemann. New York state museum 


memoir7. 1904. pl.8, fig.2. 
Beekmantown graptolite shale Deep kili, N. Y. 
R. Ruedemann, coll. rgo1 


5819 


5820 


5821 


5822 


5823 + 
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HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. pil.8, fig.3. 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. 1901 

HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.8, fig.4. 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. rgo1 

On slab with types of Didymograptus nich- 

Ou sion evar ep lia nus) plans migsto. 23,014: 

HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.8, fig.s. 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. 1901 


On slab with types of Phyllograptus anna, 
pl.1s, fig.27. 


HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.8, fig.6. 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. 1901 

HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.8. fig.7. 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. 1901 

HYPOTYPE Ruedemann. New York state museum 


memoir 7. 1904. pl.o, fig.r. 
Beekmantown graptolite shale Deep el NoY: 
R. Ruedemann, coll. rgo1 
On slab with typesof Didymograptus similis j 
pl.i4, fig.25, 28; Phyllograptus Ghys Di Sm Dion, 
fig.37. 
HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.g, fig.2. 
Beekmantown graptolite shale Deep kill, NOY: 
R. Ruedemann, coll. rgor 
On slab with typeof Tetragraptus ME Waco ase 
pl.ro, fig.2. 
Dictyograptus (Desmograptus) can- 
cellatus see Desmograptus cancellatus 
Dictyograptus flabelliformis var. 


conferta see Dictyonema flabelliforme var. con- 
fertum 


do’ epiérvonmmaiHali 1 “aavreien oh ORE Rs 
> Dictyonema flabelliforme Eichwald (sp.) 
5 3813 nyporype Gorgoniaflabelliformis Eichwald. 
Sil. Schicht. Syst. in Esthland. 1840. p.207. 
Dictyonema flabelliforme. Ruede- 
-mann. New York state museum memoir 7. 1904. 
p.6o1, fig.26. 
Upper Cambric graptolite shale 
Schaghticoke N. Y. 
R. Ruedemann, coll. 1902 
5826 3313 HypoTtyPpE Ruedemann. New York state museum 
Memoir 7. 1904. p.602, fig.27. 


Upper Cambric graptolite shale 
Schaghticoke N. Y. 


R. Ruedemann, coll. 1902 
5827 2313 HypoTyPE Ruedemann. New York state museum 
memoir 7. 1904. pl. 1, fig.1. 


Upper Cambric graptolite shale 
Schaghticoke N. Y. 


R. Ruedemann, coll. 1902 
5828 2313 nypoTyPE Ruedemann. New York state museum 
n memoir 7. 1904. pl.t, fig.2. 
Upper Cambric graptolite shale 
Schaghticoke N. Y. 
R. Ruedemann, coll. 1922 
On slab with types of Dictyonema flabelli- 
forme, pl.t, fig.5, 8. 
5829 3313 HypoTyPE Ruedemann. New York state museum 
memoir 7. 1904. pl.1, fig.3. 


Upper Cambric graptolite shale 
Schaghticoke N. Y. 


R. Ruedemann, coll. 1902 
5830 2313 HypoTyPE Ruedemann. New York state museum 
memoir 7. 1904. pl.z, fig.4. 


Upper Cambric graptolite shale 
Schaghticoke N. Y. 


R. Ruedemann, coll. 1902 

5831 3313 nypotyPpeE Ruedemann. New York state museum 
memoir 7. 1904. pl.t, fig.s. 

Upper Cambric graptolite shale 


wis - = wile 


4 
a 
a 
a 
4 
e. 


Poi ehh tg 


Schaghticoke N. Y. 
R. Ruedemann, coll. 1902 


3 On slab’ with types of Dictyonema flabelli- 
4 _forme, pl.r, fig.2, 8. 
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HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.1, fig.6. 
Upper Cambric graptolite shale 
Schaghticoke N. Y. 
R. Ruedemann, coll. 1902 . 
HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.1, fig.7. 
Upper Cambric graptolite shale 
Schaghticoke N. Y. 
R. Ruedemann, coll. 1902 
HYPOTYPE Ruedemann. New York state museum mem- 
oir 7.» 1904. pl.z, fig.8. 
Upper Cambric graptolite shale 
Schaghticoke N. Y. 
R. Ruedemann, coll. 1902 


On slab with types of Dictyonema flabelli- 
formes splmifig-2. 5: 


HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.z, fig.g. 
Upper Cambric graptolite shale 
Schaghticoke N. Y. 
R. Ruedemann, coll. 1902 
3 HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.z, fig.1o. 
Upper Cambric graptolite shale 
Schaghticoke N. Y. 
R. Ruedemann, coll. 1902 
8 HYPOTYPE Ruedemann. New York state museum 
MEMOIF 7, — 1904; bP), Tee we 
Upper Cambrlic graptolite shale 
Schaghticoke N. Y. 
R. Ruedemann, coll. 1902 


i¢ HYPOTYPE Ruedemann. New York state museum 


memoir 7. 1904. pl.z, fig.ze. 
Upper Cambric graptolite shale 
Schaghticoke N. Y. 
R. Ruedemann, coll. 1902 
3 HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.r. fig.13. 
Upper Cambric graptolite shale 
Schaghticoke N. Y. 
R. Ruedemann, coll. rg02 


Pe eae 
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5840 #33" HypotyPpE Ruedemann. New York state museum mem- 


5841 


5842 


5843 


5844 


5845 


5846 


5847 


oir 7. 1904. pl.x, fig.14. 
Upper Cambric graptolite shale 
Schaghticoke N. Y. 
R. Ruedemann, coll. 1902 
3335 HypoTYPE Ruedemann. New York state museum mem- 
OF Fy 904. pl.1, fig.szs. 
Upper Cambric graptolite shale 
Schaghticoke N. Y. 
R. Ruedemann, coll. 1902 
3313 HypoTYPE Ruedemann. New York state museum mem- 
oir 7. 1904. pl.x, fig. 16. 
Upper Cambric graptolite shale Schaghticoke N. Y. 
R. Ruedemann, coll. 1902 
3313 wypotypE Ruedemann. New York state museum mem- 
oir gy 1904. pl.3; fig. 17. 
Upper Cambric graptolite shale 
Schaghticoke N. Y. 
R. Ruedemann, coll. 1902 


3313 wypotypE Ruedemann. New York state museum mem- 
oir 7. 1904. pl.x, fig.18. 
Upper Cambric graptolite shale 
Schaghticoke N. Y. 
R. Ruedemann, coll. rgo2 
3313 wypotypE Ruedemann. New York state museum mem- 
oir 7. 1904. pl.t, fig.19. 
Upper Cambric graptolite shale 
Schaghticoke N. Y. 
R. Ruedemann, coll. 1902 
3313 yypoTyPE Ruedemann. New York state museum mem- 
Sir. 1904. pla, fig.20. 
Upper Cambric graptolite shale 
Schaghticoke N. Y. 
R. Ruedemann, coll. 1902 
3313 HYPOTYPE Ruedemann. New York state museum 


memoir 7. 1904. pl.1, fig.2r. 
Upper Cambric graptolite shale 
Schaghticoke N. Y. 


R. Ruedemann, coll. 1902 


+2 / NEW YORK STATE MUSEUM 


Dinyonena flabelliforme Eichwald (sp.) var. confertum (Linnarsson 
ms.) Brdégger 


5848 2313 HYPOTYPE Diety@graptis tiab elliformis 

‘var. conferta (Linnarsson ms.) Brégger. Die 

Sil. Etagen 2 and 3. 1882. p.35. 
Dictyonema flabelliforme var cou 

fertum Ruedemann. New York state museum 

memoir 7. 1904. pl.1, fig.22. 

Upper Cambric graptolite shale 

Reroeven o Schaghticoke N. Y. 

prea R. Ruedemann, coll. 1902 


ee 


Dictyonema furciferum Ruedemann 


Re ge 3314 type Dictyonema furciferum Ruedemann. 
New York state museum memoir 7. 1904. p.606; 

607, fig.28, pl.3, fig.rr. 
Beekmantown graptolite shale Déep kill N.Y. 
R. Ruedemann, coll. 1901 


On slab with the counterpart of type of Tetragrap- 


tus fruticosus, pl.ro, fig.8, used in drawing that 
figure. 


Dictyonema rectilimeatum Ruedemann 


5850 2315 type Dictyonema rectilineatum Ruede- 
mann. New York state museum memoir 7. 1904. 
p.607, pl.3, fig.g. 

Beekmantown graptolite shale Deep kal, NY; 
R. Ruedemann, coll. rgor 
On slab with types of Tetragraptus quadri- 
brachiatus, pl. rz, fig.2; Glossograptus echin- 
atus, pl.16, fig32; Diplograptus eA ah aE Wa a | 

pl.16, fig.r2. 
5851 231° type Ruedemann. 


bi New York state museum memoir 
7. 1904. p.608, fig.2o, pl.3, fig.ro. 
Beekmantown graptolite shale Deep kill, N. Y, 


R. Ruedemann, coll. rgoz 
On slab with typeof Eunoa accola 7538: | 5't Tio-pihl= 
ograptus trichomanes, pl.4, fig.a72 18, 


20; 
Climacograptus antennarius, pl.16, fig.23. 


? 


io , "a 
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DIDYMOGRAPTUS McCoy 


Didymograptus sp. Ruedemann 


5852 231° nyporyPeE Didymograptus sp. Ruedemann. New 
York state museum memoir 7. 1904. p.670, fig.65. 
Beekmantown graptolite shale Deep kill, N. ¥. 

R. Ruedemann, colt. 1901 

Didymograptus (Leptograptus) sp. 

nov. see Didymograptus gracilis : 


Didymograptus acutidens Lapworth 

5853 2414 nypotype Didymograptus acutidens Lap- 
worth ms.em. Elles & Wood. Monograph British 

graptolites, pt 1. Pal. Soc. vol. for r90z.  p.2s5. 
Ruedemann. New York state museum memoir 7. 

1904. p.683, fig.77; p.684, fig.78, pl.13, fig.1s. 
Beekmantown graptolite shale Deep kill, N. Y. 
"R. Ruedemann, coll. 1901 


Didymograptus bifidus Hall (sp.) 
5854 2318 nypotype Graptolithus bifidus Hall. Geo- 
logical survey of Canada; Canadian organic remains, 
decade 2. 2865." p.73. 
Didymograptus bifidus Ruedemann. 
New York state museum memoir 7. 1904. p.689; 
690, fig.86, pl.15, fig.r. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 190r 
On slab with typeof Didymograptus similis, 
pl.r4, fig.2o. 
5855 231% nypotyPpeE Ruedemann. New York state museum 
memoir 7.1904. p.691, fig.87. 
Beekmantown graptolite shale Deep kill, N.Y. 
R. Ruedemann, coll. 1901 
On slab (other side) with type of Didymograptus 
similis, p.678, fig.74. 
5856 2318 HypoTYPE Ruedemann. New York state museum 
memoir 7:> 1904. pl.1s, fig.2. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
On slab with types of Goniograptus geome- 
Pricus, pipes weetrazraptus pendens, 
pl.i1, figrg; Didymograptus similis, p.678, 
hese ALOrnguisti, -pl.13, fig.6, 7. 
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5857 2248 nypotype Ruedemann. “New York state museum 
memoir 7. 1904. pl.z5, fig.3. 
. Beekmantown graptolite shale Deep kill, N. Y.. 
R. Ruedemann, coll. rg90r 
Didymograptus caduceus see Didy- 
mograptus (Isograptus) caduceus 


Didymograptus (Isograptus) caduceus Salter emend. Ruedemann 


5858 2319 nypotypE Didymograptus caduceus Salter. 
Quarterly journal of the geological society of Lon- 
don. 1853. 9:187. 

Didymograptus (Isograptus) cadu- 
ceusRuedemann emend. New York state museum 
memoir 7. 1904. p.695, fig.89, pl.r5, fig.6. 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. 1901 

On slab with type of Didymograptus cadu- 

Cet Semple wy doe pe 
5859 331° myporyPE Ruedemann. New York state museum mem- 
oe oir 7. 1904. pl.rs, fig.7. 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. 1901 


On slab with type of Didymograptus cadu- 
ceus, pl.rx5, fig.6. 


Didymograptus caduceus Salter mut. nanus Ruedemann 


5860 28199 type Didymograptus caduceus Salter 
mut. nanwus Ruedemann. New York state museum 
memoir 7. 1904. p.608, fig.go. 

‘Beekmantown graptolite shale Deep kill, N. Y. 
2 R. Ruedemann, coll. r9oz 

5861'|3312¢ pypp Ruedemann. New York state museum memoir 7. 
1904. pl.rs, fig.8. 

Beekmantown graptolite shale Deep killy NOY. 

R. Ruedemann, coll. r901z 

On slab with types of Loganograptus logani 

mut, pertenuis, plo, fig.s; Didymograptus 

incertus, phr5, fig.r4; Glossograptus hys- 
trix, pl.16, fig.2g. 

5862 *%\*o type Ruedemann. New York state museum memoir 
7- 1904. pl.rs, fig.o. 

Beekmantown graptolite shale Deep kill, N.Y. 
R. Ruedemann, coll. IQOI 


4 Ee - ss Didymograptus cuspidatus anata Sets 
es barabs ae TYPE (2 specimens, original and counterpart) a eae 
a ' ; tus cuspidatus Ruedemann. New York state 


ss museum memoir 7. 1904. p.684; 684, fig.79; p.685, 
ee fig.80, pl.r3, fig.16. 
Beekmantown graptolite shale 
Mt Moreno, Columbia co. N.Y. 
R. Ruedemann, coll. 1903 
On slab with type of Climacograptus pun- 
gens, pl.16, fig.16. 


Didymograptus ellesi Ruedemann 


5864 231%¢ type Didymograptus ellesi Ruedemann. 
New York state museum memoir 7. 1904. p.682; 
682, fig.75; pl.14, fig.24. , 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
- On slab with typeof Didymograptus gracilis, 
ee pl.r4, fig.16. 
| 5865 231%¢ type Ruedemann New York state museum memoir 7. 
1904. p.682, fig.76, pl.14, fig.23. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
On slab with type of Didymograptus ellesi, 
pl.14, fig.22. 
5866 2319¢ type Ruedemann. New York state museum memoir 7. 
1904. pl.14, fig.22. 
Beekmantown graptolite shale Deep kill .NaY. 
R. Ruedemann, coll. 1r9or 
On slab with typeof Didymogr. ellesi, pl.14, 
fig.23. 


VER eS a ee a er 


Didymograptus extensus Hall (sp.) 


5867 23194 nyporypE Graptolithus extensus Hall. 
Geological survey of Canada; report for 1858. p. 132. 
Didymograptus extensus  Ruede- 
mann. New York state museum memoir-7. 1904. 

p.669, fig.62, 63. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
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5868 


5869 


5870 


5871 


5872 


5873 


5874 


NEW YORK STATE MUSEUM 


2310¢ wypoTyPE Ruedemann. New York state museum mem- 
oir'7. » 1904... pl.13, fig.17. 

Beekmantown graptolite shale Deep kill; N. Y. 

R. Ruedemann, coll. 1901 


On slab with type of Temnograptus novebo- 
racensis, pl.5, fig.16. 


3319¢ HypoTYPE Ruedemann. New York state museum mem- 
wineintyelreogs —“plr3;dig.38. 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. 1901 


3319¢ wypoTtyPE Ruedemann. New York state museum mem- 


oir 7. 1904. p.670, fig.64, pl.14, fig.r. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
On slab with type of Bryograptus lapworthi, 
pl.s, fig.4. 
3319¢ HypoTyPE Ruedemann. New York state museum mem- 
Olt}. 904s (pl 14, fs. 2: 
Beekmantown graptolite shale Deep all, Noy. 
R. Ruedemann, coll. 1901 
On slab with type of Tetragraptus fruti- 
cosus, pl.1o, fig4; Tetragraptus serra, plzz, 
fig.g. 
38i%d HypoTtyPE Ruedemann. New York state museum mem- 
oir 7. 1904. pl.z4, fig.3. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
On slab with type of Didymograptus exten- 
Sus, pl.r4, fir.4. 
a3iod wypotyPpE Ruedemann. New York state museum mem- 
ot. 1904. “plea. nea 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. roo1 
On slab with type of Didymograptus exten- 
SMS.) Pita, diss) 


Didymograptus filiformis Tullberg 
ssi te wyporyPe Didymograptus filiformis Tull- 
berg. Geol. Féren. Stockh. Férh. 1880, ie es 
Ruedemann. New York state museum memoir Hie 
L904. plirg, fg:s. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. rgor 


On slab with types of Didymograptus fili- 
Pormmis, pl. r4,fig.o, rr, 


srs ee HyPoTYPE Ruedemann. New York state museum mem- 
oir 7. 1904. pl.r4, fig.9. 


= = ae, - Beekmantown graptolite shale Deep kill, N. Y. 
ae £00 R. Ruedemann, coll. 1901 
eee ori Z On oR with types of Didymograptus frli- 


formis, pl. 14, fig.8, 11. 
~ 5876 331% nypotypE Ruedemann. New York state museum mem- 
= oir 7. 1904. pl.r4, fig.1o. 
| - Beekmantown graptolite shale = Deep kill, N. Y. 
:, R. Ruedemann, coll. 1901 
5877 331%¢ HypotyPpE Ruedemann. New York state museum mem- 
> oir 7. "1904. pl.14, fig.11. k 
ee Beekmantown graptolite shale Deep. kill, N: -¥- 
R. Ruedemann, coll. 1901 
On slab with types of Didymograptus fili- 
formis, pl.14, fig.8, 9. 
5878 3319¢ nypotyPpE Ruedemann. New York state museum mem- 
oi 7. 1004., -pl.14,,fig.12. 
Beekmantown graptolite shale Deep: kill) NIN: 
R. Ruedemann, coll. 1901 


BANA Sta se 


\ 


On slab with type of Didymograptus nitidus, 
pl.r4, fig.5. 
5879 3319 HypotyPE Ruedemann. New York state museum mem- 
oir 7. 1904. pl.14, fig.13. 
ee Beekmantown graptolite shale 
: Mt Moreno, Columbia co. N.Y. 
R. Ruedemann, coll. 1903 


eee ee 


5880 281% nypoTyPE Ruedemann. New York state museum mem-. 

. oir 7. 1904. pl.14,.fig.14. 
A Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. rgo1 


Didymograptus forcipiformis Ruedemann 


33197 pypE (2 specimens, fossil and counterpart) Didymo Sia p= 

5OoEn = A Pp 
tus forcipiformis Ruedemann. New York 
state museummemoir 7. 1904. p.699, pl. 15, fig.1o. 


Beekmantown graptolite shale 
Mt Moreno, Columbia co, N. Y. 


R. Ruedemann, coll. 1903 


On slab with type of Didymograptus similis, 
pl.r4, fig.26. 
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5882 3349f type Ruedemann. New York state museum memoir 
F. L904: “pleas, Be. <4. 

Beekmantown graptolite shale Mt Moreno, N. Y. 

R. Ruedemann, coll. 1903 

5883 331%f type Ruedemann. New York state museum memoir 

7. 1904. p.600, fig.or, pl.x5, fig.12. 

Beekmantown graptolite shale Mt Moreno, N. Y. 

R. Ruedemann, coll. 1903 

5884 3319f gype Ruedemann New York state museum memoir 
To OCA se LTE a, asa: 

Beekmantown graptolite shale Mt Moreno, N. Y. 

R. Ruedemann, coll. 1903 


Didymograptus gracilis Térnquist 

5885 32312¢ nyporyPE Didymograptus gracilis Torn- 
quist. Undersdkningar  6fver Siljansémradets 

Graptoliter I. 1891. p.17. 
Ruedemann. New York state museum memoir 7. 

1904. pl.r4, fig.15, 21. 
Beekmantown graptolite shale 

Deep kill, Rensselaer co., N. Y. 
R. Ruedemann, coll. rgo1z 


On slab with type of Goniograptus geome- 
Cricus)) phy mie re, 


5886 3%'% HypoTtyPE Ruedemann. New York state 
memoir 7. 1904. pl.ra, fig.16. 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. 1901 


On slab with type of Didymograptus ellesi, 
pl.r4, fig.24. 


museum 


4881 $3,)0e=(2321) nypotype Didy mogra ptus (Leptograp- 
tus) sp.nov. Ruedemann. New York state museum 
bulletin 52; annual report of the state paleontologist. 
1902. p.58o, fig.r7. 

te Didymograptus gracilis Ruedemann, 

New York state museum memoir 7? TOOAS) Poses: 

fig.r2, pl.za, fig.17. 
Beekmantown graptolite shale Deep kill, N. Y, 

R. Ruedemann, coll. 1901 


On slab with Didymograptus gracilis, pl.rag, 


fig.t9, 20. 


i memoir 7: - 1904. pl.r4, fig. 8. 


ucReckmantawn graptolite shale _ 
Mt Moreno, Columbia ogc NSY= 
My Ry Ruedemann, coll. 1903 


5888 “B519¢ ‘aypotyPe Ruedemann. New York state museum 

s memoir 7. 1904. pl.r4, fig.r9, 20. 

<i. | Beekmantown graptolite shale Deep kill, N. Y. 
ap neti R. Ruedemann, coll. 1901. 
On slab'with type of Didymograptus gracilis, 

Plava tig any: 


Didymograptus incertus Ruedemann 


5889 Sirs. TYPE (2 specimens, fossil and counterpart) Did ymograptus 
incertus Ruedemann. New York state mus- 
eum memoir 7. 1904. p.700, fig.g2, pl.1s, fig.14. 


AAA Sere eee CTF 


Beekmantown graptolite shale Deep kill, ‘N.bY. 

R. Ruedemann, coll. 1901 

ae On slab with types of Loganograptus logani 
e mote pertienuis, plo,fig5; Didymograptus 
Sa caduceus, mut. nanus, pl.15, fig.8; Glosso-" 


Diep tet Su Ws eG 1 ey, PlshO, f19.20). 


Didymograptus nanus Lapworth 


58903,3319* ‘Hyporyrpe Didymograptus indentus var. 
nanus. Lapworth. Quarterly journal of the 
geological society of London. 1875. 31: 647. 
Didymograptus nanus _ Ruedemann. 
New York state museum memoir 7. 1904. p.693, 
fig.88, pl.15, fig.4. 
Beekmantown graptolite shale Deep kill, N. Y. 
/ R. Ruedemann, coll. 1901 
On slab with type of Didymograptus nanus, 
lms tee 5. 
5891 33194 nypoTypE Ruedemann. New York state museum 
memoir 7. 1904. pl.15, fig.s. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. rgo1 
On slab with type of Didymograptusnanus, 
pls, fig.4. 
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Didymograptus nicholsoni Lapworth var. planus Elles & Wood 


5892 23197 uyporypE Didymograptus nicholsoni Lap- 
worth var. planus Elles & Wood. Monograph 
British Graptolites, pt 1. Pal. Soc. vol. for rgor. 
p.29. : 
Ruedemann. New York state museum memoir 7. 
1904. p.686, fig.83. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
5893 23/27 HYPOTYPE Ruedemann. New York state museum 
memoir 7.. 1904. p.68s5, fig.81, pl.13, fig.1o. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
On slab with types of Dichograptus octo- 
brachiatus, pls’, fig.4> > “Didwawog ra pius 
nicholsio ni var, planus = plra fers, 24. 
5894 331%; HyPOoTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.13, fig.rr. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. rg0r 
5895 #3127 HypoTYPE Ruedemann. New York state museum 
memoir 7. rI904. pl.13, fig.re. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. r90r 
5896 33187 HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. p.68s5, fig.82, pl.r3, fig.13, 14. 
Beekmantown graptolite shale Deep Agi NS Ye 
R. Ruedemann, coll. 1901 
On slab with types of Dichograptus octo- 


brachiatus, pl8, fig4; Didymograptus 
nicholsoni var. planus, plas; hero: 


Didymograptus nitidus Hall (sp.) 
5897 *81% nypotyPpeE Graptolithus nitidus Hall. 
Geological Survey of Canada; report for 1857. p.129. 
Didymograptus nitidus Ruedemann. 
New York state museum memoir 7: 1904) Sp.b¥a, 

fig.66. 

Beekmantown graptolite shale Deep HN: YY: 
R. Ruedemann, coll. roor 


On slab with type of Caryocaris cf. curvi- 
lineatus, pl.ry, fig.77) 
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, 5898 232% nypotypE Ruedemann. New York state museum 
: ; memoir 7. 1904. p.673, fig.7o. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
° Onslab withtype of Didymograptus patulus, 
piir34 fig.o. 
5899 33A2* HypotypE Ruedemann. New York state museum 
memoir 7.. 1904; pl.13, fig. x. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. rgo01 
5900 331%F HypotyPE Ruedemann. New York state museum 
memoir 7. 1904. pl.13, fig.2. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
5901 #349 yypotyPE Ruedemann. New York state museum 
memoir 7. 1904. pl. 13, fig.3. 
Beekmantown graptolite shale Deep lall, Nae 
R. Ruedemann, coll. 1901 
5902 2319 HypoTyPpE Ruedemann. New York state museum 
memoir 7. 1904. p.672, fig.67, pl.13, fig.4. 
Beekmantown graptolite shale Deepali Nev: 
R. Ruedemann, coll. rg01 
On slab with type of Goniograptus thureaui 
var. postremus, pl.6, fig.14. 
5903 2319% HYPoTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.14, fig.s. 
Beekmantown graptolite shale Deep tall “N.Y; 
R. Ruedemann, coll. 1901 
On slab with type of Didymograptus fili- 
f OMA LS geplaa, ue. £2. 
5904 3319 wypotypE Ruedemann. New York state museum 
memoir 7. 1904. pl.14, fig.6. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. rgo1 


On slab with type of Tetragraptus similis, 
pl.12, fig.ro. 

Didymograptus nitidus Hall var. grandis Ruedemann 
sgos 2219) type Didymograptus nitidus Hall var. 
grandis Ruedemann. New York state museum 
memoir 7. 1904. p.674; 672, fig.68; 673, fig.69," 

pling teas: 
Beekmantown graptolite shale Deep kill, N. ve 
; R. Ruedemann, coll. 1901 


I Erroneously referred to Didymograptus nitidus. 


Te 
Shae, . a= 
- ue 


Ce 
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Didymograptus patulus Hall (sp.) 
5906 3319” HYPOTYPE Graptolithus patulus Hall. 
Geological survey of Canada; report for 1857. 1858. 
Putts 
Didymograptus patulus Ruedemann. 
New York state museum memoir 7. 1904. p.677. 
ew ED : 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. rg901 


5907 23,12" HypoTYPE Ruedemann. New York state museum 
memoir 7. 1904. p.676, fig.72, pl.13, fig.g. 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. 1901 

On slab with type of Didymograptus niti- 

dus, p.673, fig.7o. 

5908 33129” HypotyPE Ruedemann. New York state museum 
memoir 7. 1904. p.675, fig.71, pl.ra, fig.7. 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. 1901 


Didymograptus similis Hall (sp.) 


5909 23823 HypotyPE Graptolithus similis Hall. Geo- 
logical survey of Canada; Canadian organic remains, 
decade 2. 1865. p.78. 
Didymograptus similis Ruedemann, 
New York state museum memoir 7. 1904. p.678, 
fig.73. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. rg01 
On slab with types of Goniograptus geome- 
tricus, pl.7, fig16; Tetragraptus pendens, 
plir, fig 19; Didymograptus torn quisti, pl.13, 
fig.6, 7; Didymograptus bifidus, pl.r5, fig.2, 
5910 #328 HypoTyPpE Ruedemann. New York state museum mem- 
oir 7. 1904. p.678, fig.74 
Beekmantown graptolite shale Deep kill, N. Y, 
R. Ruedemann, coll. r901 


On slab (other side) with type of Did ymograptus 
bifidus, p.6o1, fig.87. 
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HYPOTYPE Ruedemann. New York state museum mem- 
oir 7. 1904. pl.r4, fig.25, 28. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
On slab with types of Dichograptus octo- 
brachiatus, plo, figr1; Phyllograptus ty- 
pus, pl.rs, fig.37. 
HYPOTYPE Ruedemann. New York state museum mem- 
oir 7. 1904. pl.r4, fig.26. 
Beekmantown graptolite shale 
Mt Moreno, Columbia co. N. Y. 
R. Ruedemann, coll. 1903 
_On slab with type of Didymograptus forcipi- 
formis, pl.15, fig.to. 
HYPOTYPE Ruedemann. New York state museum mem- 
oir7. 1904. pl.14, fig.27. 
Beekmantown graptolite shale Deep kill, N.Y. 
R. Ruedemann, coll. 1901 
On slab with type of Tetragraptus fruticos- 
tS, plLoyiger. 
HYPOTYPE Ruedemann. New York state museum mem- 
oir7. 1904. pl.14, fig.29. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll.rg901 
On slab with typeof Didymograptus bifidus, 
pl.15, fig.1. 
Didymograptus spinosus Ruedemann 
TYPE Didymograptus spinosus  Ruede- 
mann. New York state museum memoir 7. 1904, 
p.688; 6890, fig.84. 
Beekmantown graptolite shale 
Mt Moreno, Columbia co. N. Y. 
R. Ruedemann, coll. 1903 
TYPE Ruedemann. New York state museum memoir 7. 
1904. p.68o9, fig.85, pl.14, fig.30, 31 
Beekmantown graptolite shale 
Mt Moreno, Columbia co. N. Y. 
R. Ruedemann, coll. 1903 
TYPE Ruedemann. New York state museum memoir 
m 1904. pl.14, fe-32. 
Beekmantown graptolite shale 
Mt Moreno, Columbia co. N. Y. 


R. Ruedemann, coll. 1903 
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Didymograptus térnquisti Ruedemann 


5918 3325 type Didymograptus tornquisti Ruede- 
mann. New York state museum memoir 7. 1904. 
. p.688, pl.xr3, fig.6, 7. 

Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
On slab with types of Goniograptus geome- 
trieus, pl7;, fig16; letragtaptus pend ems. 
pl.it, fig.1o; Didymo grap tws simialis, p.678, 

fig.73; D. bifidus pl.15, fig.2. 


DIPLOGRAPTUS McCoy 
Diplograptus dentatus Brongniart (sp.) 
5919 232° HypoTYPE Fucoides dentatwus  Brongniart. 
Hist. Végét. Foss. 1828. 1:70. 
Diplograptus dentatus Ruedemann. 
New York state museum memoir 7. 1904. p.720, 
fig. 100. 
Beekmantown graptolite shale 
Mt Moreno, Columbia co. N. Y. 
R. Ruedemann, coll. 1903 
5920 438° uypotypE Ruedemann. New York state museum mem- 
oir 7. rg04! pliry? figiro: 
Beekmantown graptolite shale 
Mt Moreno, Columbia co. N. Y. 
R. Ruedemann, coll. 1903 
5921 #8°° HypoTtyPE Ruedemann. New York state museum mem- 
oir 7. 1904. pl.z7, fig.rz. 
Beekmantown graptolite shale 
Mt Moreno, Columbia co. N. Y. 
R. Ruedemann, coll. 1903 
5922 438° uypotyPpe Ruedemann. New York state museum mem- 
lr 7. 1964. “phig fig. 12; 
Beekmantown graptolite shale 
Deep kill. N. Y. 
R. Ruedemann, coll. r901 


On slab with type of Climacograptus? anten- 
narius, pl.16, fig.22. 
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5923 HYPOTYPE Ruedemann. New York state museum mem- 
Oir 7. 1904. pl.ry, fig.13. 
Beekmantown graptolite shale 
Mt Moreno, Columbia co. N. Y. 


R. Ruedemann, coll. 1903 
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Diplograptus inutilis Hall 
5924 #335 nypotyPpE Diplograptus inutilis Hall. 
Geological Survey of Canada; Canadian organic 
remains, decade 2. 1865. p.111. 
Ruedemann. New York state museum memoir 7. 
1904. pl.16, fig.r2. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
On slab with types of Dictyonema rectilinea- 
tum, pls) fig; Detragcraptus quadribrach- 
iatus, plu, fig.2;Glossograptus echinatus, 
pl.16, fig.32. 
5925 3332 uypoTtyPpE Ruedemann. New York state museum 
memoir 7. 1904. pl.16, fig.13. 
Beekmantown graptolite shale Deep kill N.Y: 
R. Ruedemann, coll. 1901 
On slab (other side) with type of Diplograptus 
Marais , pl:r6, figi4’ 


Diplograptus laxus Ruedemann 
5926 2342 type Diplograptus laxus Ruedemann. New 
York state museum memoir 7. 1904. p.722, pl.16, 
fic 5. 
Beekmantown graptolite shale 
Mt Moreno, Columbia co. N. Y. 
R. Ruedemann, coll. 1903 
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oe 
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TYPE Ruedemann. New York state museum memoir 
7. 1904. pl.16, fig.2. 
Beekmantown graptolite shale 
Mt Moreno, Columbia co. N. Y. . 
R. Ruedemann, coll. 1903 
On slab with type of Climacograptus pun- 
gens, pl.16, fig.15. 
5928 #342 type Ruedemann. New York state museum memoir 
"7, .1904-pl.16, fig.3. 
Beekmantown graptolite shale 
Mt Moreno, Columbia co. N. Y. 
R. Ruedemann, coll. 1903 


5927 


5929 3842 typE Ruedemann. New York state museum memoir 
7. 1904. pl.r6, fig.4. . 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll.1go1 
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On slab (other side) with type of Diplograptus inu- 
tilis, pl.16, fig.13. 
5930 3342 type Ruedemann. New York state museum memoir 
7. 1904. pl.x6, fig.7. 
Beekmantown graptolite shale Deep killa N.Y. 
R. Ruedemann, coll. 1901 


On slab with types of Diplograptus laxus, 
pl.16, fig.8; Phyllograptus anna mut. ulti- 
saab isn el asuby, aiepera re wish 


5931 #342 type Ruedemann. New York state museum memoir 
7. Ig04. pl.16, fig.8. 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. 1901 


On slab with type of Diplograptus laxus, 


pl.z6, fig.7; Phyllograptus anna mut. ulti- 
mus, pl.r§, fig.29, 30. 


5932 *342 tTyPpE Ruedemann. New York state museum memoir 
7, ~19042*. D1. 26, Deeg ne. 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. rgor 


Diplograptus longicaudatus Ruedemann 


5933 *8*4 tyre Diplograptus longicaudatus Ruede- 
mann. New York state museum memoir 7. 1904. 

p.723, pl.16, fig.rz. . 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. r9or. 


GLOSSOGRAPTUS Emmons, Lapworth emend. 


Glossograptus echinatus Ruedemann 
8425 


5934 “47° type Glossograptus echinatus Ruede- 

mann. New York state museum memoir 7. 1904. 

Pp. 725, pl.16, fig.zo. 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. 1901 

5935 “4° type Ruedemann. New York state museum memoir 

7- 1904. pl.16, fig.3r. 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. 1901 

On slab with types of Climacograptus? (Cryp- 

tograptus) antennarius’, pl16, fig.et; Tri- 
gonograptus ensiformis, pl.17, fig.8. 


yPE Ruedemann. New York state museum memoir 
7. 1904. p.726, fig.102; pl.16, fig.32. 
_ Beekmantown graptolite shale = Deep kill, N. Y. 
R. Ruedemann, coll. r901 _ 

13 On slab with types of Dictyonema rectilin- 
ae eatum, plz, figo;, Tetragraptus quadri- 
Drachia tas ~ pla fee) Diplog:rapt ws ina 

fils. pro, te. 12. : = 


2 oe Ce eee 


Glossograptus hystrix Ruedemann 


5937 *42° type Glossograptus hystrix Ruedemann, 

New York state museum memoir 7. 1904. p.724, 
pl.16, fig.27. 

Beekmantown graptolite shale Beep Jail Ny. v 

R. Ruedemann, coll. 1901 

On slab with type of Phyllograptus angus- 


i ; tifolius, pl.15, fig.31 : 
Za 5938 342% rypE Ruedemann. New York state museum memoir 
_ 7. 1904. p.725, fig.ror, pl.16, fig.28. 

Z ot Beekmantown graptolite shale Deep kill, N. Y. 
E. a R. Ruedemann, coll. 1901 
% 5939 2425 typE Ruedemann. New York state museum memoir 
: 7. 1904. pl.16, fig.29. 

: Beekmantown graptolite shale Deep kill, N. Y. 


R. Ruedemann, coll. 1901 


On slab with types of Loganograptus logani 
mut. pertenuis, plo, fig5; Didymograptus 
caduceus mut.nanus pl.rs, fics3 > 1D) yin Clea truley 
pl.rs, fig.3r4. 


coniocRraPtus McCoy 


Goniograptus geometricus Ruedemann 


5940 3428 TYPE Goniograptus geometricus Ruede- 
mann. New York state museum memoir 7. 1904. 

p.627; 628, fig.43a. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
goat *42% TYPE Ruedemann. New. York state museum memoir 

y 4, 1904. p.628, fig.43b. 

Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
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5943 


5944 


5945 


5946 


5947 


5948 


5949 


3428 
3 
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tyPE Ruedemann. New York state museum memoir 
7. 1904. p. 628, fig.a3c. 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. 1901 

TYPE Ruedemann. New York state museum memoir 
7. 1904. p.628, fig.43d. 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. 1901 

TYPE Ruedemann. New York state museum memoir 
7. 1904. p.628, fig.43e.1 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. 1901 


On slab (other side) with type of Tetragraptus 
quadribrachiatars pls. fea 


TYPE Ruedemann. New York state museum memoir 
7. 1904. p.628, fig.g3f. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
TYPE Ruedemann. New York state museum memoir 
7. 1904. p.629, fig.45. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. r90r 
On slab with type of Goniograptus geome- 
Cor Ctism play ao Se 
TYPE Ruedemann. New York state museum memoir 
4.6 FOOA. DLa, Oe, ao 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. rg901 
On slab with type of Goniograptus geome- 
tricus, p.629, fig.4s. 
TYPE Ruedemann. New York state museum memoir 
4 XOO4. pPlry, Up to: 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. roo1 
On slab with type of Didymograptus gra- 
cili gy) plimapironns, 
TYPE Ruedemann. New York state museum memoir 
7.00 EOOA MS Pl aus tes 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll, IQOI 


‘This specimen is more properly to be referred to Gonj 
perflexilis. niograptus 


~~ eee 
Ss 
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5950 even TYPE Ruedemann. New York state museum memoir 


7- 1904. p. 629, fig.44. pl.7, fig.r2. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
On slab with type of Goniograptus geome- 
tricus, pl.7, fig.17. 
59 51 3438 type Ruedemann. New Yorkstate museum memoir 7. 
1904. pl.7, fig.r4. 
~ Beekmantown graptolite shale Deep kill, NiY. 
R. Ruedemann, coll. 1901 


5952 3428 type Ruedemann. New York state museum memoir 
fe 19047 Oph, fig: rs. 

Beekmantown graptolite shale Deen talln. ¥ 

R. Ruedemann, coll. 1901 

On slab with type of Goniograptus thur- 

eaui var. postremus, pl.6, fig.zo. 

5953 3428 TYPE Ruedemann. New York state museum memoir 
7. 1904. pl.7, fig.16. 

' Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. 1901 


On slab with types of Tetragraptuspendens, 
pl.tzr, fig.r9; Didymograptus simiilis, p.678, 
fig.73; D. dt. Ourtuchigds tie plage te s6 DD ebatidsus , 
pl.rs, fig.2. 
sos4 2435 TYPE Ruedemann. New York state museum memoir 
peeves Pl 7, dL-17- 
Beekmantown graptolite shale Deep lal -Nesy: 
R.*Ruedemann, coll. r9or 


On slab withtype of Goniograptus geometri- 
cus, p.620, fig.44, pl.7, fig.r2. 
ROSS 247° TIPE Ruedemann. New York state museum memoir 
4. 1904. pl.7, fig.18. 
Beekmantown graptolite shale Deep: kall “NOY. 
R. Ruedemann, coll. 1901 


On slab with type of Tetragraptus pendens, 
pl pr pe 174 
3428 TYPE Ruedemann. New York state museum memoir 
7. 1904. pl.7; fig.19. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 


5956 


a aC3 ny 
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Goniograptus perflexilis Ruedemann = 
429 type Goniograptus perflexilis Ruede- 
mann. New York state museum memoir 7. 1904. 
p.625; 625, fig.39a. 
Beekmantown graptolite shale Deep kill, N. Y.. 
R. Ruedemann, coll. rgor. 
sg58 %42° type Ruedemann. New York state museum memoir 
7, 1904. p.625, fig.39b. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 


jw 


BOSE 


soso 32422 type Ruedemann. New York state museum memoir 
7. 1904. p.625, fig.39c, d. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
On slab with types of Phyllograptus anna, 
pls, fig.25 and Tetragraptus similis, p.659, 
fig.58a. ; 
5960 242° type Ruedemann. New York state museum memoir 
7. 1904. pil.6, fig.16, 18. 
Beekmantown graptolite shale 
Mt Moreno near Hudson, N. Y. 
R. Ruedemann, coll. 1903 


5961 *42° type Ruedemann. New York state museum memoir 
7- 1904. p.626, fig.4r, pl.6, fig.r7. 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. 1901 


5962 84° typE Ruedemann. New York state museum memoir | 
Tue TOO4, Ul shee 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. 1901 


5963 *4?* type Ruedem=znn. New York state museum memoir 
7. Toogke “pla ths: 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. 1901 

5964 *42% tTyPpE Ruedemann. New York state museum memoir 
7- 1904. pl.7, fig.3, 4. 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. rgor 


On slab with types of Tetragraptus fruti- 
cosus, pl.ro, fig.r, 3. 
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5965 hii os TYPE Ruedemann. New York state museum mem-. 
oir 7. 1904. pl.y, fig.6. 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. 1901 

5966 “45° Type Ruedemann. New York state museum memoir 7. 
1904. p.627, fig.42, pl.7, fig.y. 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. 1901 


4879 22°92 type Clonograptus (Goniograptus) sp. 
nov. Ruedemann. New York state museum bul- 
letin 52; annual report of the state paleontologist. 
1902. p.582, fig.r2. 

Goniograptus perflexilis Ruedemann. 
New York state museum memoir 7. 1904. p.626, 
fig.4o, pl.7, fig.o. 

Beekmantown graptolite shale Deep kil Ne ye 

R. Ruedemann, coll. 1901 


Goniograptus thureaui McCoy var. postremus Ruedemann. 


4923 2439 type Goniograptus thureaui McCoy var. 
postremus Ruedemann. New York state mus- 
eum bulletin 52; annual report of the state paleon- 
tologist. 1902. p.580; 577, fig.1. 
Ruedemann. New York state museum memoir 7. 
1904. pl.6, fig.r. 
Beekmantown graptolite shale Deep kill, N.Y. 
R. Ruedemann, coll. 1901 
4924 2439 type Ruedemann. New York state museum bulletin 
52; annual report of the state paleontologist. 1902. 
p.577, fig.2. 
Ruedemann. New York state museum memoir 7. 
1904. pl.6, fig. 3. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. rgo01 
4925 2432 type Ruedemann. New York state museum bulletin 
52; annual report of the state paleontologist. 1902. 
Pi5 77), HE.3. 
Ruedemann. New York state museum memoir 7. 
LGO4. 1 DLO, 2.2. 
Beekmantown graptolite shale Deéep kill, N. Y. 
R. Ruedemann, coll. rgo1 
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4926 4489 TYPE Ruedemann. New York state museum bulletin 


52; annual report of the state paleontologist. 1902. 
p.578, fig.4. 


Ruedemann. 
1904. pl.6, fig.4. 
Beekmantown graptolite shale 


New York state museum memoir 7. 


Deep kill, N. Y. 
R. Ruedemann coll. 1901 
3480 TypE Ruedemann. New York state museum bulletin 


52; annual report of the state paleontologist. 1902. 
p.578, fig.s. 


Ruedemann. 
1904. pl.6, fig.6. 


Beekmantown graptolite shale 


4927 


New York state museum memoir 7. 


Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
4928 343° type Ruedemann. New York state museum bulletin 
52; annual report of the state paleontologist. s1go02. 
p.578, fig.6. 
Ruedemann. 
1904. pl.6, fig.s. 


Beekmantown graptolite shale 


New York state museum memoir 7. 


Deep tall, N.Y. 


R. Ruedemann, coll. 1901 
4929 *43° type Ruedemann. New York state museum bulletin 
52; annual report of the state paleontologist. 1go02. 
p.578, fig.7. 
Ruedemann. New York state museum memoir 7. 
1904. pl.6, fig.7. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
4930 3439 TYPE Ruedemann. 


New York state museum bulletin 
52; annual report of the state paleontologist. 1902. 
p.578, fig.8. 

Ruedemann. New York state museum memoir 7s 
1904. pl. 6, fig.8, 
Beekmantown graptolite shale Deep kill, N. Y. 


R. Ruedemann, coll. rg9oz 
4931 3482 


TYPE Ruedemann. 


New York state museum bulletin 
52; annual report of the state paleontologist. 1902. 
P.579, fig.g. 


Ruedemann. New York state museum memoir a 
1904. pl.6, fig.g. 


ada 


_ Beekmantown oe a shale Deep kill, N. Y. 
: Agi Ruedemann, coll. rgor 
perio fit i On slab with type of Dendrograptus flexi. 
‘ uosus, pl.4, fig.8,9. 
4932 Ae TYPE Ruedemann. New York state museum bulletin. 
52; annual report of the state paleontologist. 1go2. 
P. 579, fig.ro. 
Ruedemann. New York state museum memoir 7. 
r904. pil.6, fig.1o. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
On slab with type of Goniograptus geome- 
$EL cats ply ie. 1s: 
4933 24?° Type Ruedemann. New York state museum bulletin 


2 52; annual report of the state paleontologist. 1902. 
4 p.580, fig.rr. 

4 Ruedemann. New York state museum memoir 7. 
A SeeeO04.. plo. fig: 5. 

ae Beekmantown graptolite shale Deep kill, N. Y. 
‘Zz R. Ruedemann, coll. 1901 


d 5967 343° type Ruedemann. New York state museum memoir 7. 
a 1904. p.622, fig.37. 

. Beekmantown graptolite shale Deep kill Ne y= 

R. Ruedemann, coll. 1901 

59608 2489 type Ruedemann. New York state museum memoir 
PemeLOO4s pi-O, 119.2. 

Beekmantown graptolite shale Deep kal Ny" 

R. Ruedemann, coll. 1901 

s969 243° type Ruedemann. New York state museum memoir 
a eipog. pl, ig. 13: 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. rg01 

5970 343° typE Ruedemann. New York state museum memoir 7. 


1904. _ pl.6, fig.14. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 


On slab with typeof Didymograptus nitidus, 
pl.13, fig.4 
tyPpE Ruedemann. New York state museum memoir 
7, 1904. pil.6, fig.r5. 
Peckmesrowy graptolite shale Deep kill, N. Y. 
¢ R. Ruedemann, coll. 1901 
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On slab with types of Temnograptus nove- 
boracensis, pl.5, fig15; Tetragraptus fru- 
ticosus, pl.1o, fig.5. — 

Gorgonia flabelliformis see Dictyonema 
flabelliforme 


Graptolithus bifidus see Didymograptus 


bifidus 

Graptolithus extensus se Didymo- 
graptus extensus 

Graptolithus logani see Loganograptus 
logani 

Graptolithus nitidus see Didymograptus 
nitidus 

Graptolithus patulus see Didymo- 
graptus patulus 

Graptolithus quadribrachiatus see 
Tetragraptus quadribrachiatus j 

Graptolithus “similis see ~ Didymo- 
graptus similis 

Graptolithus tentaculatus see Retio- 
graptus tentaculatus 


LOGANOGRAPTUS Hall 
Loganograptus logani Hall (sp.) 
5972 351° nypotyPE Graptolithus logani Hall. Geo- 


logical survey of Canada; report for 1857. 1858. p.115._ 


Loganograptus logani  Ruedemann. 
New York state museum memoir 7. 1904. pl.g, 
fig. 3. 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. 1901 

On slab with types of Desmograptus cancel- 

latus, pl3, fig7; Dendrograptus Psuccn- 


lentus, pl.4, fig.1,4; Loganograptus logani, 
pl.o, fig.4. 


5973 **° HyPoTYPE Ruedemann. New York state museum 
memoir 7.. 1904. p.632, fig. 46, pl. 9, fig. 4. 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. 1901 


On slab with types of Desmograptus cancel- 
latus, pl3, fig7; Dendrograptus ?succu- 
lentus, pl.4, fig.1, 4; Loganograptus logani, 
pl.o,; fig.3. 
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5974 35° nypotypE Ruedemann. New York state museum 
memoir 7. 1904. pl. 9, fig.6. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll, r901 
On slab with type of Eunoa accola 7515, 


Loganograptus logani Hall mut. pertenuis Ruedemann 
5975 *4)+ type Loganograptus logani mut. perte- 
nuis Ruedemann. New York state museum 
memoir 7. 1904. p.633, pl.g, fig.s. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 


On slab with typeof Didymograptus caduceus 
var. manus, pl.15, fig¢8; Didymograptus in- 
certus, pl.15, fig14; Glossograptus hystrix, 
pl.16, fig.29. 


PHYLLOGRAPTUS Hall 


Phyllograptus angustifolius Hall 


5976 #895 mypotyPE Phyllograptus angustifolius 
Hall. Geological survey of Canada; report for 1857. 
1858, p.139. 
Ruedemann. New York state museum memoir 7. 
LOCA. P73, 119.07, 
Beekmantown graptolite shale Deep fall N.Y. 
R. Ruedemann, coll. 1901 
5977 28°95 uypotypE Ruedemann. New York state museum 
memoir 7. 1904. pl.rs, fig.31. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901, 
On slab (other side) with type of Glossograptus 
Teves tL x pleo, uote 7. 
5978 2822 HypoTyPE Ruedemann. New York state museum 
memoir 7: 10904: pl.rs, fig.32. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
On slab with counterpart of type of Tetragraptus 
Siri aisi,npl.12, -fe.7- 
5979 2525 uypoTyPpE Ruedemann. New York state museum 
memoir 7. 1904. pl. 15, fig.33. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 


5980 


5981 


5982 


5983 


5984 


5985 
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3505 HyPOTYPE Ruedemann. New York state museum 


memoir 7. 1904. pl.15, fig.34. . 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 


Phyllograptus anna Hall 


3696 wypotyPE Phyllograptus anna _ Hall. Geo-- 


logical survey of Canada; Canadian organic remains, 
decade 2. 1865. p.124. 
Ruedemann. New York state museum memoir 7. 
1904. pl.rs, fig.23. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. rgo1 


On slab (other side) with type of Callograptus 
cf. diffusus Hall, p.587, fig.2o. 


*y% HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.zs, fig.24. 
Beekmantown graptolite shale Deép tif “Ne-Ye 
R. Ruedemann, coll. rgor 
On slab with types of Bryograptus lap, 
worthi, pl5, fig:, 3; Tetragraptus serra- 
p.656, fig.56; T. quadribrachiatus, pl.rr, fig.r. 
“*3~ HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. p.715, fig.98, pl.rs, fig.2s. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
On slab with types of Goniograptus perflexi- 
lis, p.625, fig.39c,d; Tetragraptus similis, 
Pp.659% fig.58a. 
“7° HypoTyPpE Ruedemann, New York state museum 
memoir 7. 1904. pl.rs, fig.26. 
Beekmantown graptolite shale - Deep kill, N. Y. 
R. Ruedemann, coll. rg01 
““s-> HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.rs, fig.27. 
Beekmantown graptolite shale Deep kill, N. ‘Y. 
R. Ruedemann, coll. r901 


On slab with type of Ditcho¢gtaptuspoctou 
brachiatus, pl8, fig.5. 
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Phyllograptus anna Hall mut. ultimus Ruedemann 


5986 #922 type Phyllograptus anna mut. ultimus 
Ruedemann. New York state museum memoir a5 
1904. p.714; 715, fig.gg9; pl.1s, fig.28. 
Beekmantown graptolite shale 
Mt Moreno, Columbia co. N. Y. 
R. Ruedemann, coll. 1903 
On slab with type of Climacograptus pun- 
gens, pl.16, fig.rq. 
5987 %%°1 type Ruedemann. New York state museum memoir 
7. 7-204.” Piers, higt25! 
Beekmantown graptolite shale Weep dll N.Y: 
R. Ruedemann, coll. 1901 


On slab with types of Diplograptus laxus, 
pl.16, fig.7,8; Phyllograptus anna mut. ulti- 
mus, pl.15, fig.30. 

5988 %%°2 type Ruedemann. New York state museum memoir 
Peetood. Ypl.rs5, fig.z0: 

Beekmantown graptolite shale Deep kill Noy 

R. Ruedemann, coll. rgo1 


On slab with typesof Diplograptus laxus, pl.16, 
Neo MO o tap tise i mae mut. ul ti mas, 
pl.15, fig.29 


Phyllograptus ilicifolius Hall 


5989 281° uypotypPpE Phyllograptus ilicifolius Hall. 
Geological survey of Canada; Canadian organic 
remains, decade 2. 1865. p.121. 
Ruedemann. New York state museum memoir 7. 
1904. p.707, fig.g5. 
Beekmantown graptolite shale Deep kill, N. Y- 
R. Ruedemann, coll. rgo1 
On slab with type of Tetragraptus similis, 
p.659, fig.58b. 
5990 381° HypoTyPE Ruedemann. New York state museum 
memoir 7. 1904. p.707, fig.96; pl.1s, fig.15. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
599t 281° uypoTyPpE Ruedemann. New York state museum 
memoir 7. 1904. pl.1s, fig.16. 
Beekmantown graptolite shale Deep kill, N. Y, 
R. Ruedemann, coll. 1901 


5993 


5994 


5995 


5996 


5997 


5998 


5999 
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-HYPOTYPE Ruedemann. New York: state. debuseum 


memoir 7. 1904. pl.15,fig.17, Ba 

Beekmantown graptolite shale Deep Gil. N.Y: 

an tes R. Ruedemann, coll. rg01 

nypotyPE Ruedemann. New York state museum 
memoir 7. 1904. pl.rs, fig.18, 21. 


Beekmantown graptolite shale Deep kill, N. Y. | 


; R. Ruedemann, coll. r901 
On slab with type of Tetragraptus pendens, 
p.654, fig.55. 
HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.rs, fig.19. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.15, fig.20. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.zs, fig.22. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
On slab with type of Tetragraptus» py¢- 
maeus, pl.r2, fig.r2. 
Phyllograptus typus Hall 
HYPOTYPE Phyllograptus typus Hall. Geo- 
logical survey of Canada; report for 1858. eRe ect 
Ruedemann. New York state museum memoir “i 
1904. pl.rs, fig.35. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.zs, fig.36. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. roor 
HYPOTYPE Ruedemann. New York state museum 
Memoir 7. 1904. pl.trs, fig.37. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
On slab with types of Did ymograptus similis 


pl.t4, fig.o5, 28: Dichograptus octobrachi- 
atus, plo, fig.t. 


pernevsin iain? Hall 


aa HYPOTYPE Ptilograptus geinitzianus Hall. 
Geological survey of Canada; Canadian organic 
remains, decade 2. 1865. p.14o. 
Ruedemann. New York state museum memoir 7, 
1904. pl.4, fig. 16. 
_ Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 


On slab with type of Climacograptus ?an- 
tennarius, pl.x6, fig.24, 25. 


Ptilograptus plumosus Hall 


pe 6001 S558 HYPOTYPE (2 specimens, fossil and counterpart) P ti lograp- 
% tus plumosus Hall. Geological survey of 
Canada; Canadian organic remains, decade 2. 
1865. p.140. 
Ruedemann. New York state museum memoir 7, 
1904. pl.4, fig.14, 15. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 


ho a OE RT ' 


Ptilograptus tenuissimus Ruedemann 


6002 2654 typ—E Ptilograptus tenuissimus Ruede- 

a mann. New York state museum memoir 7. 1904. 
peor pls, fiers: 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. tgo1 


On slab with type of Tetragraptus (Etagrap- 
EMS ee mMiGdt Ss = —pl.g2 10.7.8, ro; 
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RETIOGRAPTUS Hall 


Retiograptus tentaculatus Hall 


6003 388 nypotrypE Graptolithus tentaculatus Hall. 
Geological survey of Canada; report for 1857. p.134. 
Retiograptus tentaculatus Ruede- 
mann. New York state museum memoir 7. 1904. 

pl.16, fig.33. 
Beekmantown graptolite shale Deep-kill N.Y. 
R. Ruedemann, coll. rgor 


Ede: a 
HYPOTYPE Ruedemann. New York state museum _ 
memoir 7. 1904. pl.16, fig.34. a 
Beekmantown graptolite shale Deep kill,N.Y. 

. _ R. Ruedemann, coll. 1901 
HYPOTYPE Ruedemann. New York state museum 

memoir 7. 1904. pl.16, fig.35. S 
Beekmantown graptolite shale Deep kill, N. Y. 
_R. Ruedemann, coll. 1901 


SIGMAGRAPTUS Ruedemann 


Sigmagraptus praecursor Ruedemann 
TYPE Sigmagraptus praecursor Ruede- 
mann. New York state museum memoir 7. 1904. 
“P-792; Deas; plas, fe-13- 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
TYPE Ruedemann. New York state museum memoir 7. 
1904. pl.s, fig.r4. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 


STAUROGRAPTIUS Emmons 


Staurograptus dichotomus Emmons 
HYPOTYPE Staurograptus dichotomusEm- 
mons. American geology. 1855. v.1, pt 2, p.109. 
Ruedemann. New York state museum memoir 7. 
1904. pl.2, fig.r. 
Upper Cambric graptolite shale 
Schaghticoke N. Y. 
R. Ruedemann, coll. 1902 
HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.z, fig.2. 
Upper Cambric graptolite shale 
Schaghticoke N. Y. 
R. Ruedemann, coll. 1902 
HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. pil. 2, fig.3. 
Upper Cambric graptolite shale 
Schaghticoke N. Y. 
R. Ruedemann, coll. 1902 
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HYPOTYPE Ruedemann. New York state museum 


memoir 7. 1904. pl.a, fig.4. 
Upper Cambric graptolite shale. 
‘ Schaghticoke N. Y. 
R. Ruedemann, coll. 1902 
HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.2, fig.s. 
Upper Cambric graptolite shale 
Schaghticoke N. Y. 
R. Ruedemann, coll. 1902 
HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.z2, fig.6. 
Upper Cambric graptolite shale 
Schaghticoke N. Y. 
R. Ruedemann, coll. 1902 
HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.z, fig.7. 
Upper Cambric graptolite shale 
Schaghticoke N. Y. 
R. Ruedemann, coll. 1902 
HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.z, fig.8. 
Upper Cambric graptolite shale 
Schaghticoke N. Y. 
R. Ruedemann, coll. 1902 
HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904, pl.z, fig.9. 
Upper Cambric graptolite shale 
Schaghticoke N. Y. 


R. Ruedemann, coll. 1902 
HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.z2, fig.ro. 


Upper Cambric graptolite shale 
Schaghticoke N. Y. 


R. Ruedemann, coll. 1902 
HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.2, fig.rr. 


Upper Cambric graptolite shale 
Schaghticoke N. Y. 


R. Ruedemann, coll. 1902 
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6o1g 37g° uypotyPe Ruedemann. New York state museum 
memoir 7. 1904. pl.2, fig.12. ‘ 
Upper Cambric graptolite shale 7 
Schaghticoke N. Y. 
R. Ruedemann, coll. 1902 
6020 343° HypoTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.2, fig.13. 
Upper Cambric graptolite shale 
Schaghticoke N. Y. 
R. Ruedemann, coll. 1902 
6021 377° HypoTyPpE Ruedemann. New York state museum 
memoir 7. 1904. pl.2, fig.14. 
Upper Cambric graptolite shale 
Schaghticoke N. Y. 
R. Ruedemann, coll. 1902. 
6022 373° nypotyPpE Ruedemann. New York state museum 
memoir 7. 1904. pl.2, fig.1s. 
Upper Cambric graptolite shale 
Schaghticoke N. Y. 
R. Ruedemann, coll. 1902 
6023 342° HypoTyPpE Ruedemann. New York state museum 
memoir 7. 1904. pl.2, fig.16. 
Upper Cambric graptolite shale 
Schaghticoke N. Y. 
R. Ruedemann, coll. 1902 
6024 343° HYPOTYPE Ruedemann, New York state museum 
memoir 7. 1904. pl.2, fig.r7. 
Upper Cambric graptolite shale 
Schaghticoke N. Y. 
R. Ruedemann, coll. 1902 


|e 


6025 3 
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HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.2, fig.18. 
Upper Cambric graptolite shale 
Schaghticoke N. Y. 
R. Ruedemann, coll. r902 
6026 313° HYPOTYPE (2 specimens, original and counterpart) Ruedemann. 
New York state museum memoir Jo 190K sites. 
fig. 19. 
Upper Cambric graptolite shale 


Schaghticoke N. Y. 
R. Ruedemann, coll. 1902 
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6027 333° uypotyPE Ruedemann. New York state museum 
memoir 7. 1904. pl.2, fig.2o. 
Upper Cambricfgraptolite shale 
Schaghticoke N. Y. 
R. Ruedemann, coll. 1902 


es Staurograptus dichotomus Emmons var. apertus Ruedemann 


6028 3731 type Staurograptus dichotomus Em- 
mons var. apertus Ruedemann. New York 
state museum memoir 7. 1904. p.617, pl.2, fig.er. 

Upper Cambric graptolite shale 
Schaghticoke N. Y. 
R. Ruedemann, coll. 1902 

6029 #2431 type Ruedemann. New York state museum memoir 
To 2904 co1.2, fig.27. 

Upper Cambric graptolite shale 
Schaghticoke N. Y. 
R. Ruedemann, coll. 1902 
6030 #431 type Ruedemann. New York state museum memoir 
Til 1004, -aples, fig723. 
Upper Cambric graptolite shale 
Schaghticoke N. Y. 
R. Ruedemann, coll. 1902 
6031 #434 typE Ruedemann. New York state museum memoir 
i igos. pla, f9.24, 
Upper Cambric graptolite shale 
Schaghticoke N. Y. 
R. Ruedemann, coll. 1902 


STROPHOGRAPTUS Ruedemann 


Strophograptus trichomanes Ruedemann 


6032 349° type Strophograptus tie hom anes 
Ruedemann. New York state museum memoir 7. 

$oo4es pigr7, pl.4, HeT 7. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. roor 
On slab with typesof Eunoa accola 78; Dic- 
tyonema rectilineatum, -p.608, -fig.29; pl.3, 
fig.10; Strophograptus trichomanes, pl.4, 
figii8, 20; Climacograptus ? antennarius, 

pl.16, fig.23. 
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TYPE Ruedemann. New York State museum memoir 
7. 1904. pl.4, fig.18, 20. 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. 1901 


On slab with types of Eunoa accola 745; Dic- 
tyonemarectilineatum, p.608, fig.29, pl.3, fig. 
to; Strophograptus trichomanes, pla; 
fig.17; Climacograptus?antennarius, pl.16, 


fig.23. 
TEMNOGRAPTUS Nicholson 


Temnograptus noveboracensis Ruedemann 
TYPE Temnograptus noveboracensis 
Ruedemann. ._New York state museum memoir 7. 
1904. p.619; 6109, fig.35. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
TYPE Ruedemann. New York state museum memoir 
7. 1904. p.620, fig.36. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
TYPE Ruedemann. New York state museum memoir 
Vo. EQOA. S-Di. So Tiree 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 


On slab with types of Goniograptus thureaui 


var, postremus, pl6, figs; Tetragraptus 
ffruticosus, pl.ro, fig.s. 


TYPE Ruedemann. New York state museum memoir 
Y; 1904.” pis; hg. 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. 1901 


On slab with type of Didymograptus exten- 
Sis, pl.rey diss, 


TYPE Ruedemann. New York state museum memoir 
7 1904. ples tiger 

Beekmantown graptolite shale Deep. lal Neve 

R. Ruedemann, coll. 1901 


. TYPE Ruedemann. New York state museum memoir 
7 0t904. pls, fe 18: 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. IQOL 


rite ce eee __ Deep kil 
. ne 2 : ee ae Rees coll, 1901 
- Go4r iia oe Type Ruedemann. New York state museum memoir — 
7. 1904. pl.s, fig.20. . ae 
- ceeaet aaa graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. wee * 


TETRAGRAPTUS Salter ~ 


; Tetragraptus amii Lapworth, Elles & Wood 
6042 3825 HYPOTYPE (2 specimens, original and counterpart) Tetra grap- 
tus amii Lapworth, Elles & Wood. Mono- 
graph British Graptolites, pt 1, p.60. Pal. Soe. for 
a 1902. 
er Ruedemann. New York sate museum memoir 7. 
1904. p.657, fig.57'; pl.xz. fig.s. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 


ss 6043 « 2825 mypotyPE Ruedemann. New York state museum 
memoir 7. 1904. pl.11, fig.6. 
Beekmantown opaptelite shale Deep kill, N. Y. 


4 R. Ruedemann, coll. 1901 
: - On slab with typesof Bryograptus lapworthi, | 
“$ pl.s5, fig.8; Tetragraptus amii, p.648, fig.3, and 
4 counterpart of T. amii, pl.r1, fig.7. 

@ 6044 3825 HYPOTYPE (2 specimens, fossil and counterpart) New York state 
« museum memoir 7. 1904. p.648, fig.53; pl.11, fig.7. 
. Beekmantown graptolite shale Deep kill, N. Y. 
; R. Ruedemann, coll. 1901 
a On slab with types of Bryograptus lap- 
worthi, pls, fig.8; 12;'Tetragraptus amii, 
: plzz, fig.6. 


Tetragraptus clarkei Ruedemann 


6045 2889a type Tetragraptus clarkei Ruedemann. 
New York state museum memoir 7. 1904. p.652, 
plert; ig.i7. 
f Beekmantown Bsn totite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 


1Erroneously referred to. Tetragraptus serra. 


— ~ 
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6046 2834 type Ruedemann. New York state museum memoir : 
7 0040 pl. Tip agers. | 
Beekmantown graptolite shale Deep kill, N. Y. | 

R. Ruedemann, coll. rgo1 


6047 38304 type Ruedemann. New York state museum memoir 
7) 1904. “pliripnens: 

Beekmantown graptolite shale Deep Jal), Ne ¥- 

R. Ruedemann, coll. 1901 


6048 383%¢ tTyp—E Ruedemann. New York state museum memoir 
4: LoOAM” Pl.et, Ue. E415 oe 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. rg01 


6049 #3832¢ type Ruedemann. New York state museum memoir 
TS TOOM amp tee es eS Ts 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. rgo1 


Tetragraptus fruticosus Hall (sp.) 


6050 »3531 HypotyPE Ruedemann. New York state museum 
memoir-y" ~“xo04. - pl-o, fig_11- 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. rgor 
On slab with typeof Didymograptus similis, 
pl.14, fig.27. 
6051 #831 HypoTyPpE Ruedemann. New York state museum 
memoir 7. 1904. pl.o, fig.12. 
Beekmantown graptolite shale Deep. till; Noe 
R. Ruedemann, coll. rgo1 
6052 #531 wypoTyPpE Ruedemann. New York state museum 
memoir 7. 1904. pl.g, fig.13. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. rg01 
6053 #831 uypotyPpE Ruedemann. New York state museum. 
memoir 7. 1904. pl.ro, fig.z. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. rg9or 


On slab with types of Goniograptus per- 


the xilis , ply) tines a TLetragraptus fruti- 
cosus, pl.ro, fig.3. 


-ToR 1904 


| wypoTyPe Ruedemann. 

memoir 7. 1904. pl.ro, fig.2. : 
-Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 


= On slab with type of Dichograptus octo- 
brachiatus, pl.o, fig.2. ; 
6055 S831 HYPOTYPE (2 specimens, fossil and counterpart) Ruedemann. 
_ New York state museum memoir 7. 1904. pl.1o, 
fig. = 
Beekmantown graptolite shale Deep tall N.Y: 
R. Ruedemann, coll. 1901 
g On slab with types of Goniograptus per- 
; ; _flexilis, pl.7, fig.3, 4; Tetragraptus fruti- 
eosums, plirepihger: 
6056 2831 HypoTyPE Ruedemann. New York state museum 
memoir 7. 1904. pl.1o, fig.4. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
On slab with types of Tetragraptus serra, 
pl.rz, fig.o; Didymograptus extensus, pl.14, 
fig.2. 
6057 #831 uypoTyPE Ruedemann. New York state museum 
memoir 7. 1904. pl.1o, fig.s. 
Beekmantown graptolite shale Deep kill, N> Y- 
R. Ruedemann, coll. 1901 
On slab with types of Goniograptus thureaui 


var. postremus, pl.6, fig15; Temnograptus 
Hovebporacens1s , pl.5, fig.15. 
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6058 3$31 HypoTyPE Ruedemann. New York state museum 
memoir 7. 1904. pl.to, fig.6. 

- Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. 1901 
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6osq 2831 HypotyPE Ruedemann. New York state museum 
memoir 7. 1904. pl.1o, fig.7. 

Beekmantown graptolite shale Deep kill, N.Y. 

R. Ruedemann, coll. 1901 


6060 3831 uypotyPE Ruedemann. New York state museum 
memoir 7. 1904. pl.to, fig.8. 

- Beekmantown graptolite shale Deep Jail, N.Y. 

R. Ruedemann, coll. 1901 


~ New York state Fruscaen " 


r 3931 HYPOTYPE Ruedemann. 
memoir 7. 1904. pl.zo, fig. Daten ed 
Beekmantown graptolite shale  Deep_kill, N. Y. 

R. Ruedemann, coll. 1901 

On slab with type of Tetragraptus taraxa- 
cum, pl.r2, fig.24. Soak 

6062-2831 ayporyPpE Ruedemann. New York state museum 

G Pre ese memoir 7. 1904. pl.to, fig.10. © 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 


ee Tetragraptus bigsbyi see Tetragraptus 
pygmaeus 


Tetragraptus (Etagraptus) lentus Ruedemann 


6063 2831¢ type Tetragraptus (Etagraptus) lentus 
Ruedemann. New York state museum memoir 7. 
1904. p.666, pl.o, fig.7, 8, ro. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
On slab with types of Ptilograptus tenuis- 
simus, pl.4,)figii3 Letragra pt is lentus, pl.o, 
fig.9. | 
6064 2831¢ type Ruedemann. New York state museum memoir 7 
7. ro04. Poy hess. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
On slab with types of Tetragraptus lentus, 
plo, fig.7, 8, 10; Ptilograptus tenuissimus, 
\ pl.4, fig.r3. 


Tetragraptus pendens Elles 


6065 3831) nypotypPeE Tetragraptus pendens_ Elles. 
Quarterly journal of the Geological society of London. 
1898. s4it4Qr. 
Ruedemann. New York state museum memoir “Ee 
1904. p.654, fig.ss. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. r90r 


On slab (other side) with type of Phyllograptus 
ilicifolius, pl.r5, fig.18. 


b uyporyrr: scenes New York state muset 
nee “memoir 7. 1904. pl. 11, fig.17. ee 
_ Beekmantown graptolite shale Deep kill, N. Y. 
; R. Ruedemann, coll. r901 | 
On slab with type of Goniograptus geome- 
ee tricus, pl.7, fig.18. 
© 6067 agp HyPOTYPE Ruedemann. New York state museum 
: . memoir 7. 1904. pl.rz, fig.18. 
: - Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. r901z 
On slab with type of Tetragraptus pendens, 
pl.rz, fig.2o. 
6068 28315 HypotyPE Ruedemann. New York state museum 
4 memoir 7. 1904. pl.rz, fig.rg. 


. we wy yee : . 
% eh, ee 
‘ 


Beekmantown graptolite shale Deep kill, N. Y. 

; R. Ruedemann, coll. 1901 

a On slab with types of Goniograptus geome- 
Ae tricus, pl.7, fig.16; Didymograptus similis, 
% p.678, fig.73; Didymograptus térnquisti, pl. 
i 13, fig.6,7; Didymograptus bifidus, pl.15, fig.a2. 
4 6069 28315 nyporypE Ruedemann. New York state museum 


memoir 7. 1904. pl.11, fig.2o0. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 


: On PMR cate ss ae ea pendens, 
a pl.zz, fig.18. 


Tetragraptus pygmaeus Ruedemann 
6oyo 2831¢ type Tetragraptus pygmaeus Ruede- 
mann. New York state museum memoir 7. 1904. 
p.664, pl.r2, fig.rr. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 


6071 3831¢ qype Tetragraptus bigsbyi Ruedemann. 
New York state museum bulletin 52; annual report 
of the state paleontologist. 1902. p.5go, fig.18b. 

Tetragraptus pygmaeus Ruedemann. 
New York state museum memoir 7. 1904. pl.12, 
fig. 12. 

Beekmantown graptolite shale Deep kill, N. Y. 

R. Ruedemann, coll. 1901 

On slab with type of Phyllograptus ilici- 

folius pl.r5, fig.22. 
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6072 2831¢ qype Tetragraptus bigsbyi Ruedemann. 


New York state museum bulletin 52; annual report 
of the state paleontologist. 1902. p.590, fig.18a. 
Tetragraptus pygmaeus Ruedemann. 
New York state museum memoir 7. 1904. pl.12, 

fig.13. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. rgo1 


6073 3831¢ type Tetragraptus pygmaeus Ruedemann. 
New York state museum memoir 7. 1904. pl.12, 
fig.14. 

Beekmantown graptolite shale Deep kill, N. Y. 
j R. Ruedemann, coll. 1901 


On slab with type of Tetragraptus similis, 
pl.r2, fig.2. 


Tetragraptus quadribrachiatus Hall (sp.) 


6074 2831¢ HypotyPE Graptolithus quadribrachia- 
tus Hall. Geological survey of Canada; report 
LOT, TOS 75 FO5oe0 -P.225. 
Tetragrapt ws quadribrachiatus 
Ruedemann. New York state museum memoir 7. 
1904. p.646, fig.5x. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
On slab with types of Tetragraptus quadri- 
brachiatus plzz, fig.3; p.647, fig.52. 
6075 *531¢ HypotypE Ruedemann. New York state museum 
memoir 7.  poo4. ~-phxi, fig.r. 
Beekmantown graptolite shale Deep tall, N.Y: 
R. Ruedemann, coll. 1901 
On slab with types of Bryograptus lapworthi, 
pls, fig., 3; Tetragraptwemerra soso: fig.56; 
Phyllograptus anna, pl.ts, fig.aq. 
6076 #%31¢ HypotyPpE Ruedemann. New York state museum 
memoir 7. 1904. pl.rr, fig.2. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
On slab with typesof Dictyonema rectiline- 
atum, pl.3, figg9; Glossograptus ech ni astas, 


pl.16, fig.32; Diplograptus imutilis, plir6; 
fig.12. 


gber he “memoir 7. 1904. plirr, fig.3; p.647, ne 
:- Beekmantown graptolite shale = Deep kill, N. y. 
R. Ruedemann, coll. r901 
On slab with type of Tetragraptus quadri- 

i brachiatus p.646, fig.51. 
6078 $8 $147 HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.rt, fig.4. 

- __ Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 


On slab (other side) with type of Goniograptus 
geometricus, p.628, fig.43e. 


Tetragraptus serra Brongniart (sp.) 

: 6079 3831¢ HypotyPpE Fucoides serra Brongniart. Hist. 
. : Végét. Foss. 1828. 1:71. 

4 Tetragraptus serra Ruedemann. New 
y York state museum memoir 7. 1904. p.656, fig.s6. 
4 Beekmantown graptolite shale Deep ll Ne 
E R. Ruedemann, coll. 1901 
3 


On slab with types of Bryograptus lap- 
worthi, pl5, fig1, 3; Tetragraptus quadri- 
-brachiatus, pli, fig1; Phyllograptus anna, 


, pl.rs, fig.24. 

4 6080 2831¢ nypotyPE Ruedemann. New York state museum 
: memoir 7. 1904. pl.r1, fig.8. 

z Beekmantown graptolite shale Deep kill, N. Y. 

; R. Ruedemann, coll. 1901 

| 6081 2821¢ wypotyPpE Ruedemann. New York state museum 


S, memoir 7. 1904. pl.rt, fig.g,10. 
Beekmantown graptolite shale Deep kill; N. Y- 
R. Ruedemann, coll. rgor. 


On slab with type of Tetragraptus fruti- 
cosus,pl.io, fig4; Didymograptus extensus, 


; ) pl.r4, fig.2. 
Tetragraptus similis Hall (sp.) 
6082 2831 nypotypPE Phyllograptus Siaeirh es, » Llall: 
Geological survey of Canada; report for 1857. 1858. 


p.140. 
Tetragraptus similis Ruedemann. 


New York state museum memoir 7. 1904. p.659, 
fig. Be 
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6088 
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Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
On slab with types of Phyllograptus anna, 
pl.rs, fig.25; Goniograptus perflexilis, ee 
fig.39¢. 
8317 HYPOTYPE Ruedemann. New York state museum 
“memoir 7. 1904. p.659, fig. 58b. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
On slab with type of Phyllograptus ilici- 
folius, p.707, fig.g5. 
3831} ¢HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. p.660, fig.59. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. r901 


On slab with pl.r2, fig.8, 9; Tetragraptus tar- 
axacum, ple, fig. 318: 


38317 pypoTYPE Ruedemann. New York state museum 
memoir 7. 1904. p.660, fig. 60; p.661, fig.61; pl.z2, 
fig. 6. - 


Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
38317 HypoTyPE Ruedemann. New York state museum 
memoir 7. 1904. pl.r2, fig.e. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
On slab with type of Tetragraptus pygmaeus, 
pl.r2, fig.rq. 
8831f yyporyPE Ruedemann. New York state museum 
memoir 7. 1904. pl.r2, fig.3. 
Beekmantown graptolite shale Deep Jali N.Y. 
R. Ruedemann, coll. r901 
On slab with type of pl.ra, fig.4. 
$8317 HypotyPe Ruedemann. New York state museum 
memoir 7. r1g04. pl.r2, fig.g. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. r90r 
On slab with type of pl.z2, fig.3. 
S881} ypotyPpe Ruedemann. New York state museum 
memoir 7. 1904. pl.za, fig.s. 
Beekmantown graptolite shale Deep lili oY: 
R. Ruedemann, coll, IQO1 


-HypotyPpeE Ruedemann. New York state museum 
memoir 7. 1904. pl.r2, fig.7., 35 
Beekmantown graptolite shale Deep kill, N. Y. 
Bet tin- R. Ruedemann, coll. IQOL 
— 6091 2$347 uyporype New York state museum memoir 7. 1904. 
ae pl.z2, fig.8. ; 
7) Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
__ On slab with types of p.660, fig.s9, pl.x2, fig.o, Deuras 
Traptws taraxacuam, plire, fg 78: 
6092 2§317 HyporypeE New York state museum memoir 7. 1904. 
pl.r2, fig.o. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. r901r 


On slab with types of p.660, fig.59, pl.12, fig.8; Tetra- 
Sraptus saraxacum:, pls, fig. 8: 


6093 #$347 uyporyPpE New York state museum memoir 7. 1904. 
pl.r2, fig.1o. 
Beekmantown graptolite shale Deep kill, N. Y. 
<a R. Ruedemann, coll. 1901 
On slab with type of Didymograptus nitidus, 
pl.14, fig.6. 
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Tetragraptus taraxacum Ruedemann : 


6094 2832 type Tetragraptus taraxacum  Ruede- 
mann. New York state museum bulletin 52; annual 
report of the state paleontologist. 1902. p.589, fig.16. 

Ruedemann. New York state museum memoir 7. 

1904. p.663, pl.12, fig.r9, 22. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 

6095] 2832 type Ruedemann. New York state museum memoir 7. 
1904. pl.x2, fig.17. 

ee graptolite shale Deep kill, Nv Y. 
R. Ruedemann, coll. 1901 

6096 32832 type Ruedemann. New York state museum memoir 7, 
1904. pl.z2, fig.18. 

Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 


On slab with type of Tetragraptus similis, 
p.660, fig.59; pl.r2, fig. 8, 9. 
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TYPE Ruedemann. New York state museum memoir 7. 
1904. pl.12, fig.2o. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
TYPE Ruedemann. New York state museum memoir 7. 
1904. pl.12, fig.2r. : 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
TYPE Ruedemann. New York state museum memoir 
Te LOCA. — Pea, Wee t. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. rgo01 
On slab with types of Bryograptus lapworthi, 
ple5,, We22, oO: 
TYPE Ruedemann. New York state museum memoir 
7. i904. pl.x2, fig.2g. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. rgo1 
On slab with type of Tetragraptus fruticosus, 
pl.to, fig.g. 
TYPE Ruedemann. New York state museum memoir 
7. 1904. pl.t2, fig.as. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. rg9or1 


= TYPE Ruedemann. New York state museum memoir 


7. 904. pl.r2, fig.26. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
On slab with types of Bryograptus lapworthi, 
lS. uke Ge Oe 
Tetragraptus woodi Ruedemann 
Tyee Tetra grat ws woodi Ruedemann. 
New York state museum memoir 7: 1904) p,063, 
Di Leable. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
On slab with types of pl.12, fig.15, 16. 
TYPE Ruedemann. New York state museum memoir 
ie. 1004: -Dilie wit anes 
Beekmantown graptolite shale Deep kill, N. Y. 


R. Ruedemann, coll. IQOI 
On slab with types of pl.12, fig.1, 16. 
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TyPE Ruedemann. New York state museum memoir 
7- 1904. pl.12, fig.16, ’ 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
On slab with types of pl.12, fig.1, 15. 
TRIGONOGRAPTUS Nicholson 
Trigonograptus ensiformis Hall (sp.) 


HYPOTYPE Retiolites ensiformis Hall. 
Geological survey of Canada; Canadian organic 
remains, decade 2. 1865. p.ri4. 

Trigonograptus ensiformis Ruede- 
mann. New York state museum memoir 7. 1904. 
pl.17, fig.r. 

Beekmantown graptolite shale 

Mt Moreno, Columbia co. N. Y. 
R. Ruedemann, coll. 1903 

HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.17, fig.2. 

Beekmantown graptolite shale 

Mt Moreno, Columbia co. N. Y. 
HYPOTYPE Ruedemann. New York state museum 


memoir 7. 1904. pl.17, fig.3. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
On slab with type of pl.17, fig.7. 
HYPOTYPE Ruedemann. New York state museum 
memoir 7.7 1904. pl.17, figs. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.17, fig.5. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. rgo1 
HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.17, fig.6. 
Beekmantown graptolite shale Deep kill, N.Y. 
R. Ruedemann, coll. 1901 
HYPOTYPE Ruedemann. New York state museum 
memoir 7. 1904. pl.17, fig.7. 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. 1901 
On slab with type of pl.17,fig.3. 
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6113 3838 uypoTtyPpE Ruedemann. New York state museum 
memoir 7. 1904. pl.17, fig.8. ’ 
Beekmantown graptolite shale Deep kill, N. Y. 
R. Ruedemann, coll. rgo1 
On slab with types of Climacograptus ?an- 
tennarius, pl.16, fig.21; Glossograptus echin- 
atus, pl.16, fig.3r. 
6114 2838 nypotyPpE Ruedemann. New York state museum 
memoir 7. 1904. pl.17, fig.g. 
Beekmantown graptolite shale Déep kill, NOX; 
R. Ruedemann, coll. 1901 
On slab with type of Desmograptus intri- 
catus, pl.3, fig.3. 
Phyllograptus similis see Tetragraptus 
similis. 
Retiolites ensiformis see Trigonograp- 
tus ensiformis. 


ECHINODERMATA 
ACTINOCRINUS Miller 


Actinocrinus daphne Hall 
6rr5 49° type Actinocrinus daphne Hall. 17th annual 

report of the New York state cabinet of natural 
history. 1864. p.52. 

Hall & Whitfield. Geological survey of Ohio. 
L87Sig N.2y pu siepLIr, errs, 

Waverly beds Richfield, Summit co. O. 

Actinocrinus eris see Aorocrinus eris 

Actinocrinus helice see Aorocrinus helice 

Actinocrinus helice var.eris see Aoro- 
crinus eris 


Actinocrinus viminalis see Ampho- 
racrinus viminalis 


AMPHORACRINUS Austin 
Amphoracrinus viminalis Hall (sp.) 
6116 4°15 type Actinocrinus viminalis Hall. r7th 


annual report of the New York state cabinet of 
natural history. 1864. p.5q. 

Hall & Whitfield. Geological survey of Ohio. 
1875. vV.2, pt 2, pliiz, fig. 13, 

Waverly beds Richfield O. 


ae v.2, pt 2, , pl. <T, fig.z3. 
be, beds Ric 
_C. A. White, coll. 186 


AOROCRINUS Wachsmuth & Springer 
Aorocrinus eris Hall (sp.) 

ie 6n18 fo24 tyvPE Actinocrinus helice var. eris Hall. 
17th annual report of the New York state cabinet of 
natural history. 1864. p.53. 

Actinocrinus eris Hall & Whitfield. 
Geological survey of Ohio. 1875. v.2, pt 2, p.164, 
pl.rz, fig.9, ro. 


e Waverly beds Richfield O. 
i 

F Aorocrinus helice Hall (sp.) 

B sgt 4925 type Actinocrinus helice Hall. 17th annual 
a report of the New York state cabinet of natural his- 


\ 


CS oy 


tory. 1864. p.53. 
Hall & Whitfield. Geological survey of Ohio. 


1675. V.%, Doz, plait, hg.s, 6 
Waverly beds Richfield O. 
6120 4925 type Hall & Whitfield. Geological survey of Ohio. 
1875) Wo. Di2, pl.1z fic.7,8 
Waverly beds Richfield O. 
Cacabocrinus glyptus? var, inter- 
medius see Dolatocrinus glyptus var. intermedius 
Cacabocrinus liratus var. multilira 
see Dolatocrinus liratus var. multiliratus 
Cacabocrinus speciosus_ see Dolato- 
crinus speciosus 


\ 


DECADOCRINUS Wachsmuth & Springer 


Decadocrinus aegina Hall (sp.) 
6121 4125 Type Scaphiocrinus (Poteriocrinus) 
aegina Hall. 17th annual report of the New 
York state cabinet of natural history. 1864. p.57. 
Hall & Whitfield. Geological survey of Ohio. 
1875, v.2, pt 2, pl.12, fig.11. 


Waverly beds Richfield O. 
C. A. White, coll. 1861 
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4125 qypz Hall & Whitfield. Geological survey of Ohio. | : 
1875. V.2, pt.2; pl. x2, fig.re, | 


Waverly beds Richfield O. 
Decadocrinus lyriope Hall (sp.) 
4126 type Scaphiocrinus (Poteriocrinus) 


lyriope Hall. 17th annual report of the New 
York state cabinet of natural history. 1864. p.58. 
Hall & Whitfield. Geological survey of Ohio. 
1875. .v.2; pt 2, pl.12, fig to. 
Waverly beds Richfield O. 


Decadocrinus pleias Hall (sp.) 
sift tyPE Poteriotrinus “pleias “Hally 9th 
annual report of the New York state cabinet of 
natural history. 1864. p.57. 
Hall & Whitfield. Geological survey of Ohio. 
ES 7G5 i vee, Dt 2, plokas Deo, 
Waverly beds Richfield O. 


Decadocrinus subtortuosus Hall (sp.) 


4128 typE Scaphiocrinus subtortuosus Hall. 
17th annual report of the New York state cabinet 
of natural history. 1864. p.so. 

Hall & Whitfield. Geological survey of Ohio. 

1875. °V.2; pba, plira, Ug.) F5. 
Waverly beds Richfield O. 
C. A. White, coll. 1861 


On slab with type of Taxocrinus tardus, pl.r2 
fig.2. 
DOLATOCRINUS Lyon 


Dolatocrinus glyptus var. intermedius Hall (sp.) 
sift TYPE Cacabocrinus gly ptus(?) var. inter- 
medius Hall. 15th annual report of the New 
York state cabinet of natural history. 1862. p.zqr. 
Hamilton shales York, Livingston co. N. Y. 
C. A. White and C. Van Deloo, coll. 1860 


Dolatocrinus liratus var. multiliratus Hall (sp.) 


4142 i i 
sie2 TYPE Cacabocrinus: liratus Vat. siirdeletya= 


lira Hall. srsth annual report of the New York 
state cabinet of natural history. 1862. ORLY 
Hamilton shales 


Menteth point, Canandaigua lake, N. Y. 
C. A. White and C. Van Deloo, coll. 1860 


3 TYPE Ca ebiiatae a as speciosus Hall. rsth 
annual report of the New York state cabinet of 
natural history. 1862. p.137. ; 
Onondaga limestone : ra 
Forbesiocrinus communis see Taxo- 
crinus communis . 
Forbesiocrinus kelloggi see Taxo- 
crinus kelloggi : 
Forbesiocrinus lobatus var.tardus 
see Taxocrinus tardus 
Forbesiocrinus tardus see Taxocrinus 
tardus 


mALocysTITEs Billings 


y 


Malocystites emmonsi Hudson 
6129 4225 tyPE Malocystites emmonsi Hudson. New 
York state museum bulletin 80; annual report of the 
state paleontologist. 1904. p.270; 273, fig.1; pl.z, 
fig.3, 4. 
Middle Chazy limestone 
Sloop cove, Valcour island, N.Y. 

G. H. Hudson, donor 


6130 4225 type Hudson. New York state museum bulletin 80; 
annual report of the state paleontologist. 1904. 

p.274, fig.2; pl.z, fig.5, 6 

Middle Chazy limestone 
Sloop cove, Valcour island, N. Y. 
G. H. Hudson, donor 
6131 4225 type Hudson. New York state museum bulletin 80; 
annual report of the state paleontologist. 1904. 

W276,5119°3; pl.1, He-7.. 

Middle Chazy limestone 
Sloop cove, Valcour island, N. Y. 
G. H. Hudson, donor 
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PACHYLOCRINUS Wachsmuth & Springer 
Pachylocrinus merope Hall (sp.) 


6132 432% type Zeacrinus merope Hall. 17th annual 
report of the New York state cabinet of natural 
history. 1864. p.6o. 


eho? v.2 oie at 12, | 
. ewe ie 


_ ld, Su . . ‘i 
¢ A White, col san 


: Pachylocrinds ha Hall (sp.) = 


ea 


on 4311 type Zeacrinus paternus Hall. a 
annual report of the New York state cabinet of 


: natural history. 1864. p.59. 
Hall & Whitfield. Gonlesient survey of Ohio. 
1875. wW.2, pt 2-phsepae.ay 
Waverly beds Richfield O. 
PLATYCRINUS Miller 7 
Platycrinus contritus Hall 
6134 #491 type Platycrinus contritus Hall. 17th 
annual report of the New York state cabinet of 
natural history. 1864. p.54. : 
Hall & Whitfield. Geological survey of Ohio. 
TOfh v2, DU 2, Pil, Ug.4, 


Waverly beds Richfield O. 
Platycrinus graphicus Hall 
6135; 4482 type Platycrinus graphicus Hall. 17th 


annual report of the New York state cabinet of 
natural history. 1864. p.55. 
Hall & Whitfield. Geological fe of Ohio. 
1875.0 V.2,; ph a Phar, nee: 5 ay | 
Waver beds " Richfield O: 


Platycrinus richfieldensis Hall & Whitfield 


6136 4483 type Platycrinus richfieldensis Hall & 
Whitfield. Geological survey of Ohio. 1875. v.2, 
pt 2, p.167, pl.xz, fig.z. 

Waverly beds Richfield O, 

C. A. White, coll. 1861 

Poteriocrinus corycia see Scaphio- 
crinus corycia 

Poteriocrinus (Scaphiocrinus) 
cOrycia see Scaphiocrinus corycia 

Poteriocrinus crineus see Scaphio- 
crinus crineus 


Poteriocrinus pleias see Decadocrinus 


pleias ee 


“Scaphiocrinus . @oteriocrinus) 
ae g ina see Deesdleneeas aegina 


‘Scaphiocrinus crineus Hall sie 
4510 qgype Poteriocrinus crineus Hall. 17th 
~~~ annual report of the New York state cabinet of 
wees. . matural history. 1864. p.s6. 

Hall & Whitfield. Geological survey of Guile 
O78. V.2, b2, Pu Ts, US? Oo 

Waverly beds Richfield, Siawet eon: 


Scaphiocrinus corycia Hall (sp.) 
+6138 4511[Tvpe Poteriocrinus corycia Hall. 17th 
annual report of the New York state cabinet of 
natural history. 1864. p.57. 
FPoteriocrinus (Scaphiocrinus ?) 
corycia Hall & Whitfield. Geological survey of 
Ohio. 1875. v.2, pt 2, pl.12, fig.g. 


= Waverly beds Richfield O. 
; r C. A. White, coll. 1861 
vCapourtocrians (Peters ocrin u's) 


OSL RENE Se AS ea ee 


ly rio pe see Decadocrinus lyriope 
Scaphiocrinus subtortuosus . see 
Decadocrinus subtortuosus 


Scaphiocrinus subcarinatus Hall 
6139 4542 type Scaphiocrinus subcarinatus Hall, 
17th annual report of the New York state cabinet of 


‘natural history. 1864. p.58. 

Hall & Whitfield. Geological survey of Ohio. 
woven V2, pl 2; pl.r2, 0.13. 

Waverly beds Richfield O. 

6140 4512 type Hall & Whitfield. Geological survey of Ohio. 
1875. v.2, pt 2, pl.r2, fig.14. 

Waverly beds Richfield O, 

C. A. White, coll. 1861 


TAXOCRINUS Phillips 


Taxocrinus communis Hall (sp.) 


6r4r 4559 Tyr. Porbesioctinus communis Hall, 
r7th annual report of the New York state cabinet of 


natural history. 1864. p.55. 
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Hall & Whitfield. Geological survey of Ohio. 
1875. v.2, pt 2, pl.12, fig.3. 

Waverly beds Richfield O. 

C. A. White, coll. 1861 

6142 4580 type Hall & Whitfield. Geological survey of Ohio. 
1875. —v.2,spt 2, pliz2; fig.4. 

Waverly beds Richfield 0. 

C. A. White, coll. 1861 

6143 428° type Hall & Whitfield. Geological survey of Ohio. 
rS7e. Vi2, pt 2, plxa, hes. 

Waverly beds Richfield O. 


Taxocrinus kelloggi Hall (sp.) 


6144 4581 type Forbesiocrinus kelloggi Hall. 17th 
annual report of the New York state cabinet of 
natural history. 1864. p.56. 
Hall & Whitfield. Geological survey of Ohio. 
P57 Gee .2, Pt 2 pia, ney 
Waverly beds Richfield O. 


Taxocrinus tardus Hall (sp.) 
6145 4588 type Forbesiocrinus lobatus var. tardus 
Hall. 17th annual report of the New York state 
cabinet of natural history. 1864. p.56. 
Forbesiocrinus tardus Hall & Whit- 
field. Geological survey of Ohio. 1875. v.2, pt 2, 
pl.12, ies 
Waverly beds Richfield O. 
C. A. White, coll. 1861 
On slab with type of Decadocrinus subtort- 
UOSUS, Please ms. 10 
Zeacrinus merope_ see Pachylocrinus 
merope 
Zeacrinus paternus see Pachylocrinus 
paternus 
BRACHIOPODA 
SCHIZAMBON Walcott 
Schizambon duplicimuratus Hudson 
6146 *28° TYPE Schizambon duplicimuratus Hud 
son. New York state museum bulletin 80; annual 


report of the state paleontologist. 1904. p.284, 
pl.s, fig.6. 


ay cove, Valcour sae Lake Gharpiaia, N.Y. 
G. H. Hudson, donor 
TYPE Bddcon New York state museum bulletin 80; 
; - report of the state paleontologist. 1904. pl.s, 
5 ae ee 7 
Middle Chazy limestone 
Wet ; Sloop cove, Valcour island, N. Y. 
ae G. H. Hudson, donor 


SYNTROPHIA Hall & Clarke 
Syntrophia multicosta Hudson 


4 6148 S482 type Syntrophia  multicosta Hudson. 
New York state museum bulletin 80; annual report 
‘EB of the state paleontologist. 1904. p.285, pl.s, fig. 
4 8-10, I4. 
ag Middle Chazy limestone 
Sloop cove, Valcour island, N. Y. 
= G. H. Hudson, donor 
Z 6149 8452 type Hudson. New York state museum bulletin 80; 
4 annual report of the state paleontologist. 1904. 
4 pl.s, fig.rz, 12. 
Middle Chazy limestone 
: Sloop cove, Valcour island, N. Y. 
Ee G. H. Hudson, donor 
_ 6150 £452 type Hudson. New York state museum bulletin 80; 
annual report of the state paleontologist. 1904. 
pl.s, fig.13. 
Middle Chazy limestone 
Sloop cove, Valcour island, N. Y. 
G. H. Hudson, donor 
6151 *452 type Hudson. New York state museum bulletin 80; 
‘annual report of the state paleontologist. 1904. 
pl.s, fig.rs. 
Middle Chazy limestone 
Sloop cove, Valcour island, N. Y. 
G. H. Hudson, donor 


: 
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LAMELLIBRANCHIATA 
BUCHIOLA Barrande 
Buchiola halli Clarke 


5024 298%=TypE Gly ptocardia_speciosa Hall. Pale- 
2085 ‘ontology of New .York. 1885. v.5, ptz, pl8o, 
fig.1o. 
Buchiola halli Clarke. New York state 
museum memoir 6. 1903. p.30I. 
Hamilton shale 
Near Norton’s landing, Cayuga lake, N. Y. 
: H. H. Smith, coll. 1871 


CYRTODONTA Billings 
Cyrtodonta? lamellosa Hudson 


6152 #1 type Cyrtodonta? lamellosa Hudson. 
New York state museum bulletin 80; annual report 
of the state paleontologist. 1904. p.287, pl.4, 

' fig. 10-13. 
Middle Chazy limestone 
Sloop cove, Valcour island, N. Y. 
G. H. Hudson, donor 
Glyptocardia speciosa _ see Buchiola 
halli 


MODIOLOPSIS Hall 


Modiolopsis subquadrilateralis Hudson 


6153 *4°° tyPE Modiolopsis subquadrilateralis 
Hudson. New York state museum bulletin 80; 
annual report of the state paleontologist. 1904. 

p.286, pl.4, fig.8, 9. 

Middle Chazy limestone 
Sloop cove, Valcour island, N. Y. 
G. H. Hudson, donor 
NUCULITES Conrad 
Nuculites barretti Shimer 

Gr54 2534 tyre Nuculites barretti Shimer. New 


York state museum bulletin 80; annual report of 

the state paleontologist. 1904. p.26z, fig.g. 
Oriskanian ‘Trilobite mountain, Orange co. N. Y. 
H. W. Shimer, donor 


: Shimer. ear. York state museum bulletin 80; 


annual report of the state paleontologist. 'r904. 

p.261, fig.to, . 
Oriskanian Trilobite mountain, N. Y. 
sae H. W. Shimer, donor 


GASTROPODA 
EUNEMA Salter 
-— Eunema epitome Hudson 
6156 10126 TYPE Eunema epitome Hudson. New York 
E state museum bulletin 80; annual report of the 
‘state paleontologist. 1904. p.290, pl.4, fig.6, 7. 
Middle Chazy limestone 


E Sloop cove, Valcour island, N. Y. 
Pn g G. H. Hudson, donor 
F Eunema historicum Hudson 

+6157 19427 type Eunema historicum Hudson. New 
Ge York state museum bulletin 80; annual report of 
ee the state paleontologist. 1904. p.288, pl.4, 
Ss fig.5. 


Middle Chazy limestone 
Sloop cove, Valcour island, N. Y. 
G. H. Hudson, donor 


+ S% 
' 
‘ 


HOLOPEA Hall 
Holopea microclathrata Hudson 
6158 19146 type Holopea microclathrata Hudson. 
New York state museum bulletin 80; annual report 
of the state paleontologist. 1904. p.294, pl.4, 
fig.3, 4. 
Middle Chazy limestone 
Sloop cove, Valcour island, N. Y. 
G. H. Hudson, donor 
CEPHALOPODA 
CAMEROCERAS Conrad 
Cameroceras (Proterocameroceras) brainerdi Whitfield (sp.) 
6rsq 12984 nyporypeE Orthoceras brainerdi Whitfield. 
American museum of natural history bulletin. 1886. 
Vir, 10.8; p.340: 
Cameroceras (Proterocameroceras) 
brainerdi Ruedemann. New York state mu- 
seum bulletin 80; annual report of the state pale- 


ontologist..r904. pl.6, fig.t. 
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6160}44 2084 


12084 
6161 12984 


12084 
6162 12084 


6163 12084 


61647ft2084 
6165 12984 
6166 12084 
6167 12984 
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-Beekmantown limestone 
‘ Valcour, Clinton co. N. Y. 
G. van Ingen and R. Ruedemann, coll. 1899 
HYPOTYPE Ruedemann. New York state museum bul- 
letin 80; annual report of the state paleontologist. 
1904. pl.6, fig.2. 
Beekmantown limestone Valcour N. Y. 
G. van Ingen and R. Ruedemann, coll. 1899 
HYPOTYPE Ruedemann. New York state museum bul- 
letin 80; annual report of the state paleontologist. 
1904. pl.6, fig.3. 
Beekmantown limestone Valcour N. Y. 
G. van Ingen and R. Ruedemann, coll. 1899 
HYPOTYPE Ruedemann. New York state museum bul- 
letin 80; annual report of the state paleontologist. 
1904. pl.7, fig.1-ro. 
Beekmantown limestone Valcour N. Y. 
G. van Ingen and R. Ruedemann, coll. 1899 
HYPOTYPE Ruedemann. New York state museum bul- 
letin 80; annual report of the state paleontologist. 
1904. pl.8, fig.r. 
Beekmantown limestone Valcour N.Y. 
G. van Ingen and R. Ruedemann, coll. 1899 
HYPOTYPE Ruedemann. New York state museum bul- 
letin 80; annual report of the state paleontologist. 
1904. pl.8, fig.2. 
Beekmantown limestone Valcour N. Y. 
G. van Ingen and R. Ruedemann, coll. 1899 
HYPOTYPE Ruedemann. New York state museum bul- 
letin 80; annual report of the state paleontologist. 
1904. pl.8, fig.3, 6. 
Beekmantown limestone Valcour N. Y. 
G. van Ingen and R. Ruedemann, coll. 1899 
HYPOTYPE Ruedemann. New York state museum bul- 
letin 80; annual report of the state paleontologist. 
1904. pl.8, fig.a. 
Beekmantown limestone Valcour N. Y. 
G. van Ingen and R. Ruedemann, coll. 1899: 


' HYPOTYPE Ruedemann. New York state museum bul- 


letin 80; annual report of the state paleontologist. 

1904. pl.8, fig.s. 
Beekmantown limestone Valcour N. Y. 
G. van Ingen and R. Ruedemann, coll. 1899 
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6168 7204 uypoTyPE Ruedemann. New York state museum bul- 


letin 80; annual report of the state paleontologist. 
1904. pl.8, fig.7, 8 

Beekmantown limestone Valcour N. Y. 
G. van Ingen and R. Ruedemann, coll. 1899 
Ae ca a HYPOTYPE Ruedemann. New York state museum bul- 
letin 80; annual report of the state paleontologist. 

1904. rie fig.1. 
‘Beekmantown limestone Valcour N. Y. 
G. van Ingen and R. Ruedemann, coll. 1899 
6170 42°84 HypotyPpE Ruedemann. New York state museum bul- 
letin 80; annual report of the state paleontologist. 

1904. pl.o, fig.2. 
Beekmantown limestone Valcour N. Y. 
G. van Ingen and R. Ruedemann, coll. 1899 
Orthoceras brainerdi see Cameroceras 


(Proterocameroceras) brainerdi 
PILOCERAS Salter 
Piloceras explanator Whitfield 


. 6171 12478 wyporype Piloceras explanator Whitfield. 


American museum of natural history bulletin. 1886. 
Wet, UGS, .323- 
Ruedemann. New York state museum bulletin 
80; annual report of the state paleontologist 1004 
pl.o, fig.3. 
Beekmantown limestone Valcour N. Y. 
G. van Ingen and R. Ruedemann, coll. 1899 
6172 12479 pypotypE Ruedemann. New York state museum bul- 
letin 80; annual report of the state paleontologist. 
1904, plac, fig-x; pl.1z, fig.1-7; pl.z2, fig.1-4; 
pl-23, fig.1, 2. 
Beekmantown limestone Fort Cassin Vt. 
C. Rominger, coll. 1888 
6173 12479 HyporyPpE Ruedemann. New York state museum bul- 
letin 80; annual report of the state paleontologist. 
1904. pl.12, fig.s. 
Beekmantown limestone Valcour N. Y. 
G. van Ingen and R. Ruedemann, coll.-1899 
6174 1247 nypotype Ruedemann. New York state museum bul- 
letin 80; annual report of the state paleontologist. 
1904. pl.13, fig.3-5. 
Beekmantown limestone Fort Cassin Vt. 
C. Rominger, coll. 1888 


; 2 igolctreatag 


SSIFICATION OF TYPE SPECIMENS BY 


GEOLOGIC FORMATIONS 


References are to the serial marginal numbers at the left of each page. 


LOWER SILURIC 


™ ~ BEEKMANTOWN LIME- 
STONE 
Cnidaria 
Bryograptus lapworthi, 5758-69 
Bryograptus pusillus, 5770 
Callograptus cf. diffusus, 5771, 5772 
Callograptus salteri, 5773-76 
Caryocaris cj. curvilineatus, 5777 
Climacograptus? (Cryptograptus) 
antennarius, 5778-83 
Climacograptus pungens, 5784-90 
Dawsonia monodon, 5791-95 
Dawsonia tridens, 5796-98 
Dendrograptus flexuosus, 5799-5801 
Dendrograptus fluitans, 5802 
Dendrograptus ? succulentus, 5803-6 
Desmograptus cancellatus, 5807-10 
Desmograptus intricatus, 5811-15 
Dichograptus octobrachiatus, 5816- 
24 
Dictyonema flabelliforme, 5825-47 
Dictyonema flabelliforme var. con- 
fertum, 5848 
Dictyonema furciferum, 5849 
Dictyonema rectilineatum, 5850,5851 
Didymograptus sp., 5852 
Didymograptus acutidens, 5853 
Didymograptus bifidus, 5854-57 
Didymograptus (Isograptus) cadu- 
ceus, 5858, 58590 
Didymograptus caduceus mut. nanus, 
5860-62 
Didymograptus cuspidatus, 5863 
Didymograptus ellesi, 5864-66 
Didymograptus extensus, 5867-73 
Didymograptus filiformis, 5874-80 
Didymograptus forcipiformis, 5881- 
84 
Didymograptus gracilis, 4881, 5885- 
88 


Didymograptus incertus, 5889 
Didymograptus nanus, 5890-91 
Didymograptus nicholsoni var. 
planus, 5892-96 
Didymograptus nitidus, 5897-5904 
Didymograptus nitidus var. grandis, 
5905 
Didymograptus patulus, 5906-8 
Didymograptus similis, 5909-14 
Didymograptus spinosus, 5915-17 
Didymograptus térnquisti, 5918 
Diplograptus dentatus, 5919-23 
Diplograptus inutilis, 5924, 5925 
Diplograptus laxus, 5926-32 
Diplograptus longicaudatus, 5933 
Glossograptus echinatus, 5934-36 
Glossograptus hystrix, 5937-39 
Goniograptus geometricus, 5940-56 
Goniograptus perflexilis, 4879, 5957- 
66 
Goniograptus thureaui var. postre- 
mus, 4923-33, 5967-71 
Loganograptus logani, 5972-74 
Loganograptus logani mut. pertenuis, 
5975 


Phyllograptus angustifolius, 5976-80 — 


Phyllograptus anna, 5981-85 
Phyllograptus anna mut, ultimus, 
5986-88 
Phyllograptus ilicifolius, 5989-96 
Phyllograptus typus, 5997-5999 
Ptilograptus geinitzianus, 6000 
Ptilograptus plumosus, 6001 
Ptilograptus tenuissimus, 6002 
Retiograptus tentaculatus, 6003-5 
Sigmagraptus praecursor, 6006-7 
Staurograptus dichotomus, 6008-27 
Staurograptus dichotomus var. aper- 
tus, 6028-31 
Strophograptus trichomanes, 6032, 
6033 
Temnograptus noveboracensis, 6034- 


41 
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Tetragraptus amii, 6042-44 

Tetragraptus clarkei, 6045-49 

Tetragraptus fruticosus, 6050-62 

Tetragraptus (Etagraptus) lentus, 
6063, 6064 | 

Tetragraptus pendens, 6065-69 

Tetragraptus pygmaeus, 6070-73 

Tetragraptus quadribrachiatus, 607 4- 
78 

Tetragraptus serra, 6079-81 

Tetragraptus similis, 6082-93 

Tetragraptus taraxacum, 6094-102 

Tetragraptus woodi, 6103-5 

Trigonograptus ensiformis,. 6106-14 

Cephalopoda 

Cameroceras (Proterocameroceras) 
brainerdi, 6159-70 

Piloceras explanator, 6171-74 


CHAZY LIMESTONE . 


Echinodermata 
Malocystites emmonsi, 6129-31 
Brachiopoda 
Schizambon duplicimuratus, 
6147 
Syntrophia multicosta, 6148-51 
Lamellibranchiata 
Cyrtodonta? lamellosa, 6152 
Modiolopsis subquadrilateralis, 6153 


6146, 


Gastropoda 
Eunema epitome, 6156 
Eunema historicum, 6157 
Holopea microclathrata, 6158 


Crustacea 
Cheirurus mars, 6175 


LOWER DEVONIC 
ORISKANIAN 


Lamellibranchiata 
Nuculites barretti, 6154, 61 55 


NEW YORK STATE MUSEUM 


MIDDLE DEVONIC 


ONONDAGA LIMESTONE 
Echinodermata 
Dolatocrinus speciosus, 6128 


HAMILTON BEDS 


Echinodermata 


Dolatocrinus glyptus var. interme- 
dius, 6126 

Dolatocrinus liratus var. multilira- 
tus, 6127 


Lamellibranchiata 
Buchiola hall, 5024 


LOWER CARBONIC 


WAVERLY BEDS 


Echinodermata 


Actinocrinus daphne, 6115 
Amphoracrinus viminalis, 6116, 6117 
Aorocrinus eris, 6118 
Aorocrinus helice, 6119, 6120 
Decadocrinus aegina, 6121, 6122 
Decadocrinus lyriope, 6123 
Decadocrinus pleias, 6124 
Decadocrinus subtortuosus, 6125 
Pachylocrinus merope, 6132 
Pachylocrinus paternus, 6133 
Platycrinus contritus, 6134 
Platycrinus graphicus, 6135 
Platycrinus richfieldensis, 6136 
Scaphiocrinus crineus, 6137 
Scaphiocrinus corycia, 6138 
Scaphiocrinus subcarinatus, 
6140 
Taxocrinus communis, 6141-43 
Taxocrinus kelloggi, 6144 
Taxocrinus tardus, 6145 


6139, 
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LIST OF TYPE SPECIMENS OF TERTIARY FOSSILS FROM THE PEBAS ON THE 
MARANHAO RIVER, BRAZIL 


DESCRIBED BY T. A. CONRAD IN THE AMERICAN JOURNAL OF 
CONCHOLOGY 1871 ‘ 


These fossils were obtained on the expedition to Brazil made by 
the late Professor James Orton and seem to have been collected 
by Mr Hauxwell of his company. There is no record of how or 
when they came into the possession of the State Museum : 

BULIMUS Scopoli 


Bulimus linteus Conrad 
1 TYPE Bulimus linteus Conrad. American journal of 

conchology. 1871. 6: 195, pl.ro, fig.g. 
Tertiary (Pebas group) Pichua,; Upper Amazon 
Mr Hauxwell, coll. 

pyRris Conrad 
Dyris gracilis Conrad 
2 TYPE Dyris gracilis Conrad. American journal of 
conchology. 1871. 6:195, pl.ro, fig.8; pl.rr, fig.7. 


Tertiary (Pebas group) Pichua, Upper Amazon 
Mr Hauxwell, coll. 


EBoRA Conrad 
Ebora (Nesis) bella Conrad 
3 TYPE Ebora (Nesis) bella Conrad. American journal 
of conchology. 1871. 6:194, pl.to, fig.17a, b. 


Tertiary (Pebas group) Pichua, Upper Amazon 
Mr Hauxwell, coll. 


Ebora crassilabra Conrad 
4 TYPE Ebora crassilabra Conrad. American journal 
of conchology. 1871. 6:194, pl.io, fig.14. 


Tertiary (Pebas group) Pichua, Upper Amazon 
Mr Hauxwell, coll. 


HEMISINUS Swainson 
Hemisinus sulcatus Conrad 
5 TYPE Hemisinus sulcatus Conrad. American journal 


of conchology. 1871. 6:194, pl.to, fig.2. 


Terti Pebas grou Pichua, Upper Amazon 
eA ate Sad Mr Hauxwell, coll. 


ISAEA Conrad 
Isaea lintea Conrad 
6 tyPE Isaea lintea Conrad. American journal of con- 


chology. 1871. 6:193, pl.zo, fig.6. 


i Pebas grou Pichua, Upper Amazon 
ay Se ee Mr Hauxwell, coll. 
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Isaea ortoni Gabb (sp.) 
7 HypoTYPE Mesalia ortoni Gabb. American” pogehl of - 
conchology. 1868. 4:198. 
Isaea ortoni Conrad. American journal of con- 
chology. 1871. v.6, pl.to, fig.1o0. 
Tertiary (Pebas group) Pichua, Upper Amazon 
Mr Hauxwell, coll. 
8 HypoTYPE Conrad. American journal of conchology. 1871. 
v-6; pl. 10, fig.13. 
Tertiary (Pebas group) Pichua, Upper Amazon 
Mr Hauxwell, coll. 
LirIs Conrad 
Liris laqueata Conrad 
g TYPE Liris laqueata Conrad. American journal _ of 
conchology. 1871. 6:194, pl.1o, fig.3. 
Tertiary (Pebas group) Pichua, Upper Amazon 
Mr Hauxwell, coll. 
NERITINA Lamarck 
Neritina ortoni Conrad 
1o TYPE Neritina pupa Gabb. American journal of con- 
chology. 1868. 4:197. 
Neritina ortoni Conrad. American journal of 
conchology. 1871. v.6, pl.ro, fig.s. 
Tertiary (Pebas group) Pichua, Upper Amazon 
Mr Hauxwell, coll. 
11 type Conrad. American journal of conchology. 1871. v.6, 
pl.ro, fig.rr. 
Tertiary (Pebas group) Pichua, Upper Amazon 
Mr Hauxwell, coll. 
PACHYDON Gabb 
Pachydon altus Conrad 
12 TYPE Pachydon altus Conrad. American journal of 
conchology. 1871. 6:197, pl.zz, fig.ra, b. 
Tertiary (Pebas group) Pichua, Upper Amazon 
“Mr Hauxwell, coll. 
Pachydon carinatus Conrad 
13 TYPE Pachydon carinatus Conrad. American journal 
of conchology. 1871 6:196, pl.to, fig.7. 
Tertiary (Pebas group) Pichua, Upper Amazon 
Mr Hauxwell, coll. 


Sel See ee ~ ; , ty 


— 
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Pachydon cuneatus Conrad 


- 14 TYPE Pach ydon cuneatus Conrad. American journal 
F: _ of _-conchology. 1871. 6:197, pl.ro, fig.r2a, b (2 speci- 
-* mens). 

ee Tertiary (Pebas group) Pichua, Upper Amazon 


Mr Hauxwell, coll. 


Pachydon erectus Conrad 
15 TyrPE Pachydon erectum Conrad. American journal 
-of conchology. 1871. 6:197, pl.ro, fig.16. 
Tertiary (Pebas group) Pichua, Upper Amazon 
Mr Hauxwell, coll. 


Pachydon obliquus Gabb 
16 HypotyPE Pachydon obliquus_ Gabb. American 
journal of conchology. 1868. 4:199. 
Conrad. American journal of conchology. 1871. v.6, 
pl.1o, fig.15. 
Tertiary (Pebas group) Pichua, Upper Amazon 
Mr Hauxwell, coll. 


Pachydon ovatus Conrad 

17 TYPE Pachydon ovatus Conrad. American journal 

of conchology. 1871. 6:197, pl.ro, fig.4. 
Tertiary (Pebas group) Pichua, Upper Amazon 
Mr Hauxwell, coll. 
18 TyPpE Conrad. American journal of conchology. 1871. 6:197, 

type of description. 

Tertiary (Pebas group) Pichua, Upper Amazon 
Mr Hauxwell, coll. 


Pachydon tenuis Gabb 
19 HYPoTYPE Pachydontenua Gabb. American journal of 
conchology. 1868. 4:199. 
Pachydon tenuis Conrad. American journal of 
conchology. 1871. 6:196, pl.1o, fig.ra, b. 


Tertiary (Pebas group) Pichua, Upper Amazon 
Mr Hauxwell, coll. 


Bivalve allied to Mulleria 
20 TYPE Bivalve allied to Mulleria Conrad. American 
journal of conchology. 1871. 6:192 (mentioned; 2 speci- 
mens). 


Tertiary (Pebas group) Pichua, Upper Amazon 
Mr. Hauxwell, coll. 


INDEX 


The superior figures tell the exact place on the page in ninths; e. g. 18° 
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PLEISTOCENE GEOLOGY 


OF 


MOOERS QUADRANGLE 


BEING A PORTION OF CLINTON COUNTY, INCLUDING PARTS OF THE 
TOWNS OF. MOOERS, CHAMPLAIN, ALTONA, CHAZY, DANNEMORA, 
AND BEEKMANTOWN N. Y._ 


PREFACE 


In 1900 Prof. J. B. Woodworth, of Harvard University, was 
requested by my predecessor in office, Dr F. J. H. Merrill, to take 
up a study of the problems of Pleistocene submergence in the 
Hudson river valley. As a first step, a careful detailed survey 
was made of the Hempstead and Oyster Bay quadrangles, the 
results of which were published in Bulletin 48 of the New York 
State Museum; then an extended reconnaissance of the valleys of 
the Hudson river and Lake Champlain was undertaken for the 
purpose of determining the nature and extent of the evidences of 
Inarine transgression this reconnaissance being extended as far 
north as Montreal with the purpose of correlating the marine 
beaches there with those which had been recognized in Essex 
county. This reconnaissance in considerable detail was continued 
through the seasons of 1901 and 1902, after which it became evi- 
dent that it was important to make a complete survey of some 
specific area where there was an abundance of phenomena bearing 
on the matter under investigation. Accordingly, during the field 
season of 1903, a complete study was made of the area of the 
Mooers quadrangle situated in northern Clinton county on the 
Canadian border. The detailed results of this work, illustrated 
by a geologic map, are given in the following bulletin. 

JoHN M. CiarKe 
State Geologist 


4 NEW YORK STATE MUSEUM 


INTRODUCTION 


, 


The Mooers quadrangle includes an area of about 225 square — 
miles covering a part of the northeasternmost spur of the Adiron- 
dacks and the gravelly and sandy lowlands west of Lake Cham- 
plain. The international boundary line between New York and 
the Dominion of Canada forms the northern limit of the map 
[pl. 1]. 

~The geologic description of the hard rocks of this area has 
already been given in a bulletin of the Museum by Professor Cush- 
ing. In this and earlier reports published under the auspices of 
the Natural History Survey of the State, brief references are made — 
to the glacial and postglacial deposits which in this district oc- 
cur along the margins of Lake Champlain. In the appendix to 
this paper will be found a list of the principal references, a num- 
ber of which are quoted in the text. 

The Pleistocene geology of this area is of peculiar interest be- 
cause of the submergence of the Lake Champlain district beneath 
the sea in the closing stage of the Pleistocene period. The detailed 
study of the area was undertaken for the purpose of obtaining a 
more complete and accurate knowledge of the shore lines of this 
epoch of marine submergence than could be gained by the rapid 
reconnaissance conducted by the writer in reference to the same 
problem in the major portion of the valleys of the Hudson and 
Lake Champlain. 

It is necessary to state here that the author found, on selecting 
this area for examination, that he had been preceded in the same 
quest by Dr G. K. Gilbert, of the United States Geological Sur- 
vey. Through Dr Merrill, state geologist, Dr Gilbert very gener- 
ously offered his field notes for such use as could be made of them, 
not only for the Mooers district but also for the northern flank 
of the Adirondacks as far west as Lake Ontario. These notes haye 
been used first as guides for localities to be visited and secondly 
as important checks on the observations and conclusions of the 
writer, who wishes here to express his great indebtedness to 
Dr Gilbert. 

SURFACE DEPOSITS OF THE AREA 

The surficial or loose deposits of the Mooers quadrangle so far 
as known, pertain altogether to the Pleistocene period or to more 
recent accumulations which are still in progress. For the most 
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part, these deposits are glacial drift, either very much as left 
by the retreating ice sheet, in the uplands above 600 feét, or, 
below that level, more or less rearranged by wave and current 
action on the bottom of temporary ice-barred lakes or at yet lower 
levels by the sea. The strictly glacial deposits are also the most 
recent of the glacial period and are presumably to be classed as 
of the Wisconsin ice epoch and as pertaining to the later portion 
of that time. 
WISCONSIN EPOCH 
The drift of this epoch forms the surficial deposits in the 
southwestern part of the quadrangle and is almost everywhere 
present in an unmodified form above the 600 foot level, though, 
in consequence of processes which will be described later, much 
modification of the drift has taken place at levels from near 900 
feet downward. c 
The glacial origin of this material is shown by numerous glacial 
striae on the rock surfaces and by the direction in which it has 
been transported, as well as by the occurrence of characteristic 
recessional moraines. 
Glacial striation 
The direction and grouping of the glacial striae on this area, 
indicating the direction in which the ice moved across it, are 
shown on the accompanying map by arrows for particular local- 
ities at which the striae may be seen and by the pattern employed 
on the map for the ice-laid drift over the areas occupied by this 
material.2 It will be noted that along the western border of the 
area the ice moved in a southwesterly direction, and that along 
the southern border it moved in a southerly direction. 
The accompanying table of observed striae includes those noted 
in the field seasons of 1902-8. 


Table of glacial striae 


61° w. Covey hill, Can.; in road gutter on top of hill 

46° w. Mooers; in public road, 3.1 miles n. of Irona railroad crossing 
36° w.t Mooers; s. bank of Big Chazy near camp meeting grounds 

above Mooers 
s. 56° w. Altona; on sandstone ledges in woods s. of railroad, 214 miles 
- w. of Irona, possibly off map 

s. 56° w. Altona; on old military road, % mile e. of western edge of map 
s. 46° w. Mooers; on road, %4 mile w. of Bie Chazy at Wood Falls 


Rn MN 


*Locality farther east than others i in this part of iti ies where die ice 
moved more southerly. 
2This latter plan has not eat earried out. 


6 NEW YORK STATE MUSEUM 


s. B8° w. Mooers; faint striae, on sandstone, 4% mile s. e. from Wood 
Falls on wood road 
w. Altona; on Potsdam about 1 mile w. of “Rattlesnake den” 
s. 21° w. Altona; s. of bend in public road, 1% miles e. of Alder Bend 
w. Altona; s. of e—w. road, 1% miles n. by e. from Purdy Mill on 
sandstone ; 
e. Altona; on red sandstone in road gutter s. of Purdy Mill 
s. 31° w. Altona; n. slope of Pine ridge 1.1 m. n. n. e. of Dead Sea 
w. Altona; on Potsdam sandstone by schoolhouse 335 miles due e. 
from Altona 
w. Altona; in road gutter on grit, near brook just s. w. of Robinson 
s. 1° w. Beekmantown; on summit of Rand hill by ns. road 
Ww 


Altona; on old military road, 1% miles s. e. of Robinson on red 
sandstone; also s. 61° w. 


s. 1° w. Altona; on military road 1144 miles n. w. from West Beekman- 
town Corners 

s. 2° e. Altona; in road gutter of flat rock area e. of Corbeau creek, 
214 miles s. by w. from Sciota 

s. 4° e. Chazy; 1% miles n. of West Chazy, on road to Sciota 


Interpretation of the striae 


The localities named in the above table are grouped as nearly 
as possible as they would be traversed in going from northwest 
to southeast so as to give readings along a line normal to the 
direction of ice flow, beginning on the northwest at a locality 
in Canada about 4 miles beyond the limits of the map, where 
the striation of the upper St Lawrence valley is well marked. 

For the proper understanding of the divergence of the glacial 
striae toward the south and west in this part of Clinton county, 
it is necessary to consider the relation of the Adirondack moun- 
tain mass and the valleys which surround it to the ice sheet 
moving southwestward against it from the center of movement 
in Ungava. The fact that the ice sheet moved in the direction . 
stated approximately along the lines of striation indicated on 
the accompanying map is attested by several phenomena: first, 
by the occurrence within this field of erratics derived from the 
basic eruptive rocks of the chain of paleozoic volcanic stocks 
which extend from the northern termination of the Green moun- 
tains north and westward to and beyond Mt Royal; second, 
by the character of the ice-worn surfaces southward in the Cham- 
plain valley; and third, by the position of moraines and deposits 
of gravel and sand laid down in temporary lakes held in on the 
northern slopes of the Adirondacks by a now vanished wall, 
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which can be explained only by the former presence of an ice 
front along the flanks of the uplands. 

All the facts indicate that the ice moved into northeastern New 
York in a southwesterly direction. Passing over the St Lawrence 
plain the ice moved southeastward into northwestern Vermont, 
and southward into the valley of Lake Champlain, pressing 
more strongly against the Adirondacks than against the eastern 
side of the valley. Another part moved southwestward up the 
St Lawrence valley into the basin of Lake Ontario. As the 
ice-sheet culminated in thickness and southward extension, it 
advanced over the outlying spurs of the Adirondacks, such as 
for instance Dannemora mountain, shown on the Mooers quad- 
rangle. It moved up over the low platform of Potsdam 
sandstones flanking the Adirondacks on the north, with a 
southwesterly direction. The eastern margin of this platform 
forms the belt of higher ground entering the Mooers quadrangle 
from the northwest and extending through the Flat Rock area of 
Altona. Over most of this belt the ice moved under the influence 
of the relief of pressure which was found to the southwestward 
along the western base of the Adirondacks. On the south and 
east of this area the ice was drawn into the Champlain flowage. 
Thus we have in this district the topographic versant on which 
the ice divided, one tongue going southward to form the Cham- 
plain-Hudson glacier and the other southwestward to form the 
greater St Lawrence glacier. So far as present knowledge goes, 
it would appear that at the maximum of glaciation the ice passed 
quite over the Adirondacks, though it must have been in the high- 
est part of that region much slackened in flow as compared with 
the freer run of the ice through the large valleys on either side. 

In the till-covered area of the map, accompanying this report, in 
which district nearly all the striae were observed, the color repre- 
senting the till might be made to express by a linear design the 
approximate direction of striation, and thus the lines along which 
the till of any particular place presumably has been transported. 
In such a pattern, of course, where observed striae are relatively 
infrequent, the lines of flowage must be largely interpreted; and 
in the southern part of the area, particularly in Dannemora, it 
may be that the striae when found would deviate somewhat from 
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the lines as shown on a map. The method of interpretation 
would consist in distributing the lines of flow between the nearest 
observed striae as converging or diverging lines projected into 
parallelism with the nearest observed striae farther downstream. 
The attempt might be made to bend the lines so as to show how 
the local irregularities of the topography would ordinarily deflect 
the ice. In fact, only one station in this area was found in which 
it was clear that the striation had been thus influenced by local 
slopes. 

It is important to note that, just as the ice moved southwest- 
ward across this district, so in the retreat of the ice sheet, its 
front would be expected to recede from the district as a wall of 
ice approximately at right angles to the lines of striation. From 
this may be deduced the probability that the northeastern slopes 
of the Adirondacks were freed from the Labradorian ice sheet 
while it still lay against the northern end of the Green moun- 
tains. As another probability in consequence of this mode of re- 
treat, a connection would be established between the Lake Ontario 
basin, the upper St Lawrence and Lake Champlain along the low- 
lands at the base of the Adirondacks before the lower St Law- 
rence was open for connection with the Atlantic ocean. Other 
effects of this mode of retreat of the ice front would be found in 
the existence of shores of temporary, icedammed lakes on the 
Adirondack side of Lake Champlain, which had no counterpart on 
the Green mountain side so far north and at so early a time as 
when the ice was but partly withdrawn from the upper, open 
mouth of the Champlain valley. It might well thus be found that 
beaches exist on the west side of the valley at high levels without 
their counterpart on the east side of the valley. These possible 
deductions from the striation of the region in relation to local 
relief are mentioned because, as will later be shown, certain ob- 
servations lead to the same conclusions. 


Glacial erosion 


It is difficult to estimate the amount of erosion by the direct 
action of the ice sheet in this area. The principal streams are 
obviously not flowing in their preglacial or interglacial channels, 
for, except where uaes are intrenched in modern postglacial 
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gorges, they have shallow beds in the drift coating with here and 
there bottoms of bed rock, evidently along courses which have been 


_ taken since the disappearance of the ice from the uplands and the 


withdrawal of the bodies of water which submerged the lowlands ~ 


on the north and east. The earlier channels of these streams, if 
such exist, have not been discovered. 


Glacial deposits 


The entire area of this quadrangle appears to have been covered 
with deposits by the ice sheet; but in more than half of the area 
the drift has either been removed or worked over by waves and 
currents to such an extent that at least the upper visible portion 
of the surface material in the low grounds can hardly be called 
glacial drift. The unmodified glacial deposits occupy the higher 
grounds everywhere above the 900 foot level in Altona and the 
northeastern part of Dannemora and the northwestern part of 
Beekmautown. 

Till of the uplands 

In the elevated grounds above the zone of wave action the 
glacial deposits are mainly unstratified and of the class denomi- 
nated till or ice-laid drift. The material of this drift is largely 
the Potsdam sandstone derived from the immediately underlying 
and adjacent area of these rocks on the north. Angular slabs 
of the sandstone are almost everywhere met with in the till area. 
The finer debris between the slabs is also prevailingly of the 
grayish white gravel or sand from the same rock. But fragments 
of other rocks, more commonly of igneous origin occur, and evi- 
dently have traveled from known outcrops of such rocks in 
Canada. 

The till in the uplands varies much in thickness. A glance at 
the accompanying map shows by the distribution of outcrops that 
very slight excavations along certain roads have served to reveal 
the rock. 

In the plateau of sandstone about Alder Bend, the till, so far 
as can be determined for considerable areas, is probably over 20 
feet in thickness, but except in certain restricted belts, where 
it is heaped up, the till appears to be a relatively thin sheet. 
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Till of the lowlands 

In the low district, below 900 feet in elevation, there are several 
areas which appear to be distinctly of an ice-laid character; the 
general distribution of erratics over the surface, and the frequent 
occurrence of elongated, low hills with wave-washed drift, are 
_ evidence that the surface was originally, or at least when the 
- ice sheet disappeared, supplied with an abundant ground moraine 
of a somewhat diversified relief. 

Probable drumlins. In the eastern part of the town of Mooers, 
there are several low, oval-shaped hills, about half a mile long at 
the base and extending from east of north to west of south, 
whose general appearance recalls that of the drumlins of Massa- 
chusetts except that the summits and frequently the slopes of 
these hills are ribbed with beaches or strewn with wave-washed 
material. These hills he between the 240 foot level and that of 
340 feet, and they rise about 50 feet above the ground at their 
base. There are three good examples northwest of Mooers Junc- 
tion, each with beaches on its western slope. The eastern slope 
of these three hills is decidedly glacial in appearance, strewn with 
Jarge and small erratics without distinct marks of wave erosion. 
No cuts have been made in them except for one north of Sperry 
brook and within a mile of the international boundary where the 
road cutting on the west slope shows a very thick accumulation 
of thoroughly rounded waterworn beach pebbles at about 350 feet 
above present sea level. The eastern slope of these hills appears 
to be very much as it might have been left by the retreating ice 
sheet. In a later chapter of this report I shall consider the 
possibility of the ice front resting against these eastern slopes 
while waves beat on the western slopes. In the case of the ridge 
about 1 mile northwest of Thorn the top is wave-heaped, and to 
the southward both slopes show the wave-assorting of the gravels. 

The hills of this class between Mooers and Biddles crossing are 
wave-marked on the eastern slope and near the crest. The south- 
ernmost of the two hills just north of Bullig brook has a decidedly 
drumlinlike contour, 

The major axes of these hills do not coincide with the direction 
of glacial striation in their vicinity. Their axes lie to the west of 
south, while the glacial striation, so far as it can be inferred from 
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MILES 


Sketch map of Mooers quadrangle showing known frontal moraines (thick 
lines); approximate ice fronts (thin lines), and probable frontal 
moraines (broken lines). The arrows indicate direction of glacier 
motion 
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ryations in the low ground, was in that part of Mooers 
p between s. w. and s. w. by s. 


j Frontal and recessional moraines 
There are a number of patches of thickened till within the area 
__ covered by this map, which have been deposited at or near the ice 
7 front in the last stages of the retreat from the State. The accom- 
a - panying sketch map [pl. 2] shows by heavy black lines the sup- 
Z posed position of the ice front when these deposits were made. 
Z The clearest examples occur in the depression between Rand hill 
2 and Jericho. The road from Jericho to Sandburn brook skirts 
the eastern base of a morainal terrace. The southern slope of the 
1400 foot hill, from 14 to 2 miles east of Jericho, is characterized 
; by strong morainal ridges apparently deposited on the margins of » 
leecal tongues of ice sweeping about the eastern and western slopes 
of this hill. There are other local patches of hummocky till along 
- Smith Wood brook. The detailed mapping of such deposits in the 
thick woods in the southwestern corner of the sheet appeared im- 
practicable, and there are probably lines of ice front yet to be 
traced in the area. A very distinct series of frontal deposits ap- - 
pears to the southeast and southwest from Big hill in Altona. 
The same deposits probably extend through the vicinity of Alder 
Bend toward Ellenburg. This line probably is to be associated 
with the heavy drift deposits about the southeastern base of Rand 
hill betweén 700 and 900 feet in elevation, where a few kettle holes 
and a decidedly marginal moraine topography are well developed. 
Frontal moraine ridges [see pl. 3] occur at an elevation of 
about 600 feet, north of Altona and along the road between that 
village and Sciota, on the eastern and northeastern border of the 
+> Flat rock area. Strong morainal ridges, apparently lateral 
moraines, appear at the southern end of Pine ridge between the 
600 foot and 700 foot contour lines and in an en échelon arrange- 
ment continue along the eastern base of the high ground from 
Altona into Beekmantown, sometimes much modified by wave 
action on their eastern slopes. The most conspicuous example 
of a wave-washed moraine or boulder belt occurs in the ridge just 
north of the Little Chazy river, where, according to the map, it 
trayerses the 600 foot contovr line. This moraine, northward to 
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where it is lost on the bare, flat rock, is a pile of blocks mainly of 
Potsdam sandstone, forming one of the most striking and singular 
glacial deposits of the northern Adirondack region [pl. 13, show- 
ing a photographic view of the eastern, wave-washed slope of the 
moraine taken near the road over the hill}. 

Between Deer pond and Cannon Corners, from the north and 
south road going up the hill on the west to 800 feet in eleva- 
tion, the slope is encumbered by a peculiar deposit which in many 
respects suggests strong water action as having shaped the gravels 
and cobblestones, but the unstratified masses higher up show that 
the ice sheet was concerned in the final distribution of the 
material. 

The deposit lies immediately east of one of the large, barren 
rock tracts locally known as Blackman’s rock, the interpretation 
of which igs discussed below under the head of Spillways. The 
deposit probably marks the ice margin. Certainly, a little to the 
northwest in the valley of the English river and beyond the limits 
of the map, there is a well defined, low, bouldery moraine made 
by the ice sheet moving southwestwardly against the ground 
which here rises to the west. Stafford’s rock, another spillway, 
extends northward from this deposit towards “ the Gulf,” a ravine 
near the boundary line, on the southern side of which heavy boul- 
der deposits again appear. 

In fact, the whole northern slope of the Adirondacks within 
the limits of this map and along the western bordering area is 
marked by deposits showing the retreat of the ice sheet. Almost 
everywhere from an elevation of 900 feet down to 700 feet there 
are marked signs of the interaction of powerful streams of water 
flowing along the ice margin, Sweeping bare large tracts of rock 
and depositing bars and ridges of coarse cobbly drift, now in 
the open path of the torrent, now against the ice itself. The 
result is that the discrimination of rudely assorted, stream-trans- 
ported blocks of the Potsdam sandstone from accumulations of 
similar material dumped at the ice margin or pressed by the ice 
into low ridges is often difficult and perhaps impossible. 

Other small and apparently disconnected patches of frontal 
moraine habit appear at Wood Falls and in the low country 
north of Mooers Junction, between the elevations of 300 feet and 
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320 feet. The latter deposit probably owes its distinctness to its 
being defended from strong wave action, which elsewhere to the 
southeast has locally greatly modified any such glacial deposits. 
About 2 miles east of Sciota on the northeast bank of Corbeau 
creek, there is a belt of morainal topography with deposits com- 


_ posed of stony till. It is probable that these deposits mark the 


position of the retreating ice front along a northwest and south- 
east line. I have drawn such a line on the accompanying sketch 
imap [pl. 2]. 

Glacial drainage and spillways 

Of the water action which went on, in and about the glacial 
sheet in this area, the usual results in the form of kames, eskers 
and sand plains are inconspicuous. One of the largest and finest 
eskers in the State, however, occurs on the area of the Rouse 
Point sheet immediately east, but no definite eskers have been 
seen on this area. This esker, which is traceable for about 10 
miles as a more or less distinct ridge, is remarkable as showing 
how little modification of glacial form may be produced under 
favoring circumstances by submergence beneath the sea. The 
bearing of this esker on the late geologic history of the Mooers 
area is so close that the following notice of the deposit is here 
inserted. 

Ingraham esker 

This esker appears first to have been recognized by Dr Gilbert, 
who mentions it in his unpublished notes on this region. ‘The 
village of Ingraham is strung along the eastern slope of the ridge 
and suggests the name here given. The accompanying map 
fpl. 4], with contours drawn by E. ©. Barnard of the United 
States Geological Survey, gives a good idea of the course and 
position of the esker. 

It is to be noted that its course is southerly in compliance with 
the direction of ice movement in this part of the Champlain val- 
ley. The short interruptions through which the several small 
streams pass are presumably original, low places in the ridge. 
Thus in the case of the Little Chazy river, it is not probable that 
the ridge at the point where it is crossed by that stream was 
originally much higher than it now is, else the stream would have 
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been diverted to the south along the course of Riley brook and so 
escaped to the sea or Lake Champlain. Such notches are normal 
features in many eskers where no streams occur. The marked 
crease on either side of the esker is quite characteristic and sug- 
gests that, as has been noted of some eskers in the upper Missis- 
sippi valley, the glacial stream occupied the bed of an older valley. 
The esker ends rather abruptly south of Ingraham and affords 
no evidence of having been the path of a stream connecting 
directly with a frontal outwash plain or esker fan. 

I have examined the.major portion of the length of the esker 
in the search for shore lines. Dr Gilbert first noted slight traces 
of a beach near Ingraham. Both the esker and the adjacent 
swampy depressions unfilled by marine or lake deposits show that 
this belt, which lies from 3 to 5 miles distant from the beaches 
at the base of the adjacent high ground on the west, received very 
little sediment during the sojourn of the sea over this field and 
thus is in sharp contrast with the deposits of marine sands and 
clays which occur along the lake shore. Below Ingraham the base 
of the esker is contoured by the 140 foot line; near its northern 
end by the 200 foot line. The ridge itself seldom if ever rises 
more than 40 feet above the adjacent low ground. 


Deltas contemporaneous with ice fronts 


Two classes of deltas of gravel and sand may arise along the 
inargin of an ice sheet. First, those produced by the outwash of 
sediment from the ice by the discharge of its drainage; and, 
second, those deposits which are laid down by streams flowing 
toward the ice margin from the open country which it has perhaps 
just vacated. Deltas of this latter class may form terraces banked 
up against the ice margin, or, where temporary lakes form along 
that margin, the delta may take on its typical form and structure 
and not be distinguishable in itself from a delta built in any 
ordinary nonglacial body of water, All the principal streams in 
this area exhibit occasional deltas of gravel and sand, the upper 
ones of which are probably to be regarded as contemporaneous 
with the retreating ice sheet, 
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Alder Bend deposit 


Along the banks of the Big Chazy river, from half a mile to a 
mile above Alder Bend, there is a deposit of gravel and sand 
mainly developed on the western bank of the stream. This ap- 
pears to have been made in a temporary lake whose surface 
approximately coincided with the 1080 foot contour line, but no 
other evidence demanding such a lake for its explanation has 
been observed. 

Deer brook deposit 

On the north branch of the Big Chazy river northwest of Irona, 
there is a noticeable area of sands often fine, which is evidently 
the remains of a delta made on that stream. The deposit has 
suffered some dissection. The tops of the remnants lie between 
the 660 foot and 700 foot contour lines and indicate a local water 
level somewhere between these hights. No definite margin was 
detected in this deposit to indicate whether it was built up against 
the ice margin or under the free conditions of open water. The 
fineness of the sand toward the eastern extension of the deposit 
favors the latter supposition. 


Altona deposit 

A smaller delta than the preceding constitutes the flat ground 
on which a good part of the village of Altona is built. This 
deposit is decidedly gravelly south of the railroad. Just north 
of the railroad and west of the station, there is a deposit of fine 
sand, probably the lobate, free margin of the delta. All the cir- 
cumstances here point to the building of the deposit in a body 
of water whose level corresponded with the 640 foot contour line, 
traces of which in the form of beaches occur to the east of Altona 
village. It is probable that the delta above described on the north 
branch of the Big Chazy was deposited earlier than this one in 
a higher water stage. The Altona delta appears to have been 
built by the Big Chazy before it had excavated its present course 
to the east of the village. 

Deposits of gravel and sand in the form of deltas occur at lower 
levels, but they are so clearly associated with the marine invasion 
of the district that reference to them is deferred to a later page. 
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Spillways and the flat rocks 


The most singular feature of the surface in the towns of 
Altona and Mooers is the occurrence of large tracts of the 
Potsdam sandstone, exceeding 12 square miles in area, barren 
of glacial drift. These bare areas are not entirely valueless, 
for the reason that in the proper seasons a large yield of huckle- 
berries is obtained from these tracts. In the year 1902, $4000 
worth of this fruit was sold by one concern alone from gather- 
ings on the Flat Rock southeast of Altona. 

The Altona Flat Rock is the largest of these barren tracts. 
Two very small and probably originally continuous bare areas 
known as Moose and Jericho rock occur at an elevation of about 
1500 feet on the hillside southwest of Jericho. Southwest of 
Cannon Corners, extending on the unmapped area west of this 
sheet for the distance of about a mile and a half to the south, is 
Blackman’s rock. Northwest of Cannon Corners and beyond 
the limits of the map is another tract known as Stafford’s rock, 
north of which along the international boundary line is another - 
area marginal to and extending west from “the Gulf,” an 
abandoned river gorge and waterfall [see pl. 5]. 

Between Sciota and West Chazy, at elevations ranging from 
260 feet to 500 feet above the sea, are small but noticeable areas 
of the Potsdam sandstone, from a quarter of a mile to half a mile 
across, bare of drift. The latter occur in the zone of wave 
action following the disappearance of the ice, the drift is not 
very thick about their margins, and their occurrence does not 
appear to demand a special explanation. It is different, how- 
ever, with the larger areas lying above the 600 foot but mainly 
between the 700 foot and 900 foot contour lines; a system of 
bared rock surfaces which extends with slight interruption 
from the Canadian border on the north across the present lines 
of drainage around the northern slope of the Dannemora massif 
to the head waters of the Little Chazy river. With this system 
“the Gulf” on the boundary line near Covey hill is intimately 
connected. 

To Dr Gilbert belongs the entire credit not only of looking 
for and finding these features, but also of having explained them. 
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The explanation depends on a simple consequence of the retreat 
ef the ice sheet from high ground sloping toward its front. In 
the larger valleys blocked by the ice margin, contemporaneous 
glacial lakes will result. These lakes will have their outflow 
along the lowest point in their borders; thus the discharge may 
take place across the divide at the head of a valley, the usual con- 
dition; or it may take place along the ice front; or it may cut into 
a ridge which separates this valley from the next one. Where 
the land is relatively smooth, the drainage from the ice or that 
flowing toward the ice may be compelled to flow for miles along. 
the front before discharging into the open country or a static body 
of water. All of these discharge ways along the ice front are 
denominated spillways by Dr Gilbert. 

Jericho spillway 

The first signs of a spillway in this district appear in Moose 
and Jericho rock, above mentioned, on the northern slope of 
Dannemora mountain at an elevation of about 1500 feet. When 
the ice sheet had disappeared from the crest of this massif, its 
front, probably extending northwest and southeast at right 
angles to the general line of motion, would have allowed the dis- 
charge of the waters confined along the northern slope of the 
mountain through the pass of Stillwater brook. The scouring of 
the rocks would thus be accomplished. 


Great Flat Rock system 


That the flat rock areas extending from Altona to “the Gulf” 
at Covey hill in Canada belong to a single great stage, is shown 
by their approximate agreement in range of altitude between 
620 feet and 920 feet, their alinement along the same general 
slope, and by their approximate continuity. 

Though the accompanying map shows considerable intervals of 
till-covered rock between the several bare rock tracts within the 
‘area, it is probable that a different mapping would somewhat ex- 
tend the area assigned to the water-swept rocks. Between the Big 
Chazy south of Altona and the vicinity of Irona the original area 
of bared rock is undoubtedly much greater than is represented 
on the map. The district has been overgrown by forests and 
covered with vegetal debris. Here and there are certainly 
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clumps of till or rudely assorted, coarse debris. I suspect also 
that west of Irona, toward the western margin of the quadrangle, 
what I have mapped as ice-laid drift may in reality be in some 
part torrent-made debris; nevertheless, I was not able to come 
to such a decision regarding it at the time of going over it. 

In the accompanying sketch map [pl. 5] I have attempted to 
show the fullest extension of the flat rock areas from Altona to 
those on the northwest. 

Altona Flat Rock. This is the largest of these spillways in the 
district. It is at least 5 miles in length and varies from 1 to 2 
miles in width. A number of its features are worthy of note. 

Cold brook, one of the head streams of the Little Chazy river, 
flows southeastward along the strike of the Potsdam (Sara- 
togan) sandstone in a depression about 100 feet in depth. 

The southern and higher margin of the stripped area-is. 
roughly determined by the 900 foot contour line. Its lower 
margin on the north and east is bounded by a beachlike deposit 
of waterworn cobbles at about 680 feet. For about a mile along 
this border the bare rock descends to a lower level (630 feet). 
On the southeastern extremity of this margin the bare ledges of 
“Pine ridge” are extended southward by a bouldery moraine which 
[ have called Cobblestone hill. The wave-washed slopes of a por- 
tion of this moraine are evidently later than the moraine, which 
must have been constructed when the ice sheet lay against the 
northern and lower margin of the stripped belt. 

The surface of the flat rock bears a few isolated patches of 
what appears to be till, remnants of the deposit which was laid 
on by the ice sheet during its occupation of the belt. Two of 
these patches of conspicuous extent are shown on the map. 
The boulders in these deposits are largely of the local rock, and 
many are well rounded, and it is possible that the deposits, as 
Dr Gilbert has suggested to me, are of torrent origin even where 
the rocks are decidedly angular. Loose, frost-riven blocks of the 
sandstone and the pebbles and sands derived from the secular 
weathering of the Potsdam are the sole surficial rock debris over 
most of the flat rock area [pl. 6]. 

There are several noticeable rock cuts which indicate the 
action of powerful streams capable of removing blocks of the 
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Sketch map of the Spillways, from the Canada line to the Little Chazy 
river, on and west of the Mooers quadrangle 
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rock as fast as they were loosened. Such excavations as “ Pox- 
house gully,” “ Rattlesnake den,’ and “Leadmine gully ” near 
Altona, if not existent previous to the time of the stripping, 
would seem to owe their origin to streams flowing down the 
natural slope of the rocks rather than to glacial torrents. 

At the southeastern end of the area, about a mile northeast 
of Robinson, there is a deep trench not shown by the contours 


ofthe map. ‘This trench extends partly through the till-covered 


rocks about the southern margin and in places is as much as 50 
feet deep. At the time of my visit in 1902, there was a small 
stagnant lakelet held in by driftwood near the eastern part of 
the channel. Westward the channel passes into a partly drift- 
filled yale with kamelike habit, suggesting the presence of the 
ice sheet during the cutting of the gorge. It is probable that the 
channel is due to the escape of waters from the head of Robinson 
brook at a time when the ice front was passing away from the 
vicinity. That the channel represents glacial drainage rather 
than natural stream work is shown by the manner in which it 
cuts across the low spur of the sandstone shown by the north- 
ward loop in the 900 foot line on the map. 

A more pronounced channel with a remarkable pool is found 
at Dead sea. This lakelet is apparently one of the group of 
abandoned waterfall pools, for the reason that no permanent 
stream capable of making so large an excavation now traverses 
the area [pl. 7-10]. The waters which produced the Dead sea 
rock basin evidently flowed eastward; the same is true of those 
which produced the channel near Robinson. AJ] the ascertained 
phenomena from this district bearing on direction of water 
movement show that it ran eastward across the col at “the 
Gulf” south of Covey hill; southward along Stafford’s and 
Blackman’s rocks; thence southeastward past Irona and over 
the Altona Flat Rock district. 

In the case of the Altona Flat Rock tract, it is to be noted that 


‘bared ledges begin on the west at a point where the retreating 


front of the ice sheet might have diverted the Big Chazy river 
to the eastward along the ice margin; and, whether or no waters 
came along from the west, including those of the north branch 
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of this river, some scouring of the drift would thus have been 
accomplished. | 

The mere breadth of the Flat Rock area might be explained by 
the gradual stripping of the drift along the receding ice front, 
without making it necessary to suppose that this belt was at 
any one time entirely covered by a torrent. The bare surface 
of Pine ridge, north of the deep vale of Cold brook, however, 
makes it difficult to see how a stream of small width as com- 
pared with the breadth of the stripped belt could have followed 
the retreating ice front to the north of this depression. A 
broad and powerful torrent of waters comparable to that which 
must be evoked for the work done at “the Gulf” could reason- 
ably be supposed to have filled this depression and scoured the 
rocks on either side. While some of the phenomena are ex- 
plicable on the hypothesis of a continual shifting of a small 
stream, there are still other considerations which appear to 
demand a broad and powerful torrent flowing over the district. 
Thus, in the case of the Dead Sea basin, its reported depth of from 
42 to 90 feet appears to be greater than can be expected for the 
work of so slight a fall as the rock cliff [see pl. 8] at its head 
would indicate if the stream were a small one; but it is quite con- 
ceivable that a heavy torrent might have produced the results. 

The location and vertical distribution of beaches about the 
southeastern end of the Flat Rock area and for a considerable 
distance along its northern margin show that the torrential 
waters which produced this field of bare ledges discharged 
into a standing body of water along the course of the Lit- 
tle Chazy from 3 to 4 miles west of West Chazy at an eleva- 
tion at least 600 feet above the present sea level. The dis- 
position of the cobbles, gravel, sand and clay which must have 
resulted from the stripping of such large tracts of drift is not 
altogether satisfactorily accounted for. It will be noted on the 
map [pl. 26] that the marine-modified drift south and west of West 
Chazy must be relatively thicker than is this group of material 
north of that village, for there are no outcrops of the bed rock 
observed in this survey in this southern belt between the 300 
foot and the 700 foot lines. Heavy bars and ridges of waterworn 
drift there occur, and the unusually thick deposits are probably to 
be attributed primarily to the wash from the flat rock districts. 
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A full and satisfactory account of this series of spillways can 
hardly be presented till the region on the west of the Mooers quad- 
rangle has been mapped. The outlines of these bare areas shown 
on the sketch map [pl. 5] are mere approximations obtained from 
a single traverse of the area between the north branch of the Big 
Chazy and “ the Gulf.” 

Blackman’s rock. Half a mile southwest from Cannon Corners 
there begins a bared strip of the Potsdam sandstone which 
stretches southward nearly to the north branch of the Big 
Chazy river. Only the northeasternmost extension of this spill- 
way appears on the Mooers quadrangle. This spillway stands 
at an elevation of about 800 feet. 

Stafford’s rock. This stripped area lies wholly west of the 
Mooers quadrangle and extends from near the north bank of the 
Innglish river toward “the Gulf” on the south side of Covey 
hill. It is reached by taking the first left-hand road north of 
Cannon Corners, which may be followed out northward to “ the 
Gulf.” The area appears to be separated from the flat rock at “the 
Gulf” on the international boundary by a torrent-washed or at 
least a bouldery moraine. 

Armstrong’s bush fiat rock. The settlement in the wooded dis- 
trict of the northwestern corner of the Mooers quadrangle is 
known as Armstrong’s bush. In the extreme northwest corner 
of the quadrangle and extending across the boundary line into 
Canada is a small stripped area lying between 750 feet and 770 feet 
elevation and at the top of a low hill. Its relation to the other 
spillways is not perfectly clear. 

From the distribution of the frontal moraines and these spill- 
ways, it would appear that for some time before the ice sheet 
melted away from the north slope of Covey hill, its edge as an 
unbroken wall extended along the northeastern face of the Adi- 
rondacks between the 680 foot and 900 foot contour lines from 
Covey hill southeastward to the Little Chazy river in the vicinity 
of West Chazy. At this last named locality, at least in the later 
stages of the torrential action along its border, the ice front 
turned eastward across the valley of Lake Champlajn but with- 
out leaving, so far as is at present known, any definite frontal 
deposits. In front of the ice over the southern part of the 
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Champlain valley stood a fresh-water lake held in on the north 
by the ice front. 

With the retreat of the ice from the northern slope of Covey 
hill, the waters heretofore pouring along that front on the west 
of the hill and forced over the col into “the Gulf,” began ‘to 
escape around the northern slope, thus leaving “ the Gulf” and 
its waterfall without an apparent cause for existence. The pool 
at the base of the fall remains as a lakelet fed by springs, an 
“ abandoned Niagara.” 

“The Gulf” at Covey hill. Mention must be made in this ac- 
count of the most interesting feature connected with these spill- 
ways in the remarkable ravine known as “the Gulf,’ which 
lies just beyond the northwest corner of the Mooers quad- 
rangle and partly across the international boundary. Its import- 
ance depends on the light it throws on some of the problems which 
arise from the occurrence of shore lines and spillways within the 
limits of the Mooers quadrangle. The general topographic fea- 
tures of the vicinity of “ the Gulf” are shown on the accompany- 
ing sketch map [pl. 11]. 

“The Gulf” is quite as remarkable as the chasm of the 
Ausable. It appears to have been visited by Ebenezer Iummons, 
the geologist in charge of the second district, and is briefly de- 
scribed by him in his report on Clinton county in 1842 as being 
“300 feet deep and about 16 rods wide.’ He mentions the 
Statement that the small lake at the bottom is 150 feet 
deep, the accuracy of which may still be doubted. “At the 
present time,” he states, “no causes are in operation sufficiently 
powerful to remove the broken masses from a gorge of this de- 
scription, . . At this place there is merely a small rill discharging 
itself from a small lake of dead water, insufficient in itself to 
accomplish any perceptible change. To account for the present 
condition of this rock, we have therefore to go back to a period, 
when some current swept through this gorge with great force and 
power; for by no other means could the materials, which once 
aera space between the present walls of the gulf, be re- 


‘Emmons, Ebenezer. Geol. N. Y. 2d Dist. 1842. p.309-10. See also b 
Same author, Agric. N. Y. 1846. 1:133-34. : 4 
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_ This quotation is given here for the reason that it appears to 
be the first recognition of an important class of abandoned gorges 
found in New York State excavated across northward extending 
promontories of rock and lying so far above the present drainage 
of the country that no existing stream under the geographic con- 
ditions of the day could have performed the work. Dr Gilbert 
appears to have been the next geologist to examine this gulf and 
the first to understand it: it was he who first called my attention 
to its existence. His notes on the place give the depth of the 
ravine as 160 feet; top of cliff above lower lake, 805 feet above 
sea level; the lower lake, 645 feet above sea level; upper lake, 
830 feet above sea level; bluff above upper lake, 870 feet above 
sea level; swamp at summit, 875 feet above sea level; margin of 
channel opposite swamp on north side, 900 feet; water level of 
torrent at swamp inferred to have been between 900 and 910 feet. 
These are aneroid readings compared with the U. 8S. G. S. 
measurement of the elevation of Covey hill top, which is given 
as 1030 feet. No accurate measurements have yet been made of 
the depth of the upper and lower lakelets. The international 
boundary line crosses the lower lakelet as shown in plate 11. 
The upper lakelet lies wholly within Canada. 

The small lakelet at the foot of the cliff at the head of the gorge 
is clearly a waterfall pool, analogous to Green lake near Syracuse. 
The lower Jakelet at the eastern end of the gorge, where the valley 
widens out into a depression of more ancient date, appears to be 
due to the choking of the valley at the eastern end of the lakelet 
as if a powerful stream reaching this point was checked and 
forced to drop its load. At the lower margin of the upper lakelet 
there is a heap of angular blocks of the Potsdam sandstone show- 
ing the action of the turbulent currents once active within the 
pool. 

The rock on either side of the brink of the gorge and particu- 
larly along the southern side is stripped bare of drift and displays 


*““The Gulf” is most easily reached from the south by driving from 
Mooers to Armstrong’s Bush in the northwest corner of the quadrangle, 
thence to Covey Hill postoffice and westward over the top of the hill 


to Mr Donnelly’s or farther on to Mr Sutten’s place, from the latter of © 


which a private road leads to the head of the gorge and the bare rock 
of the channel above the abandoned waterfall. 
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all the characters of the so called Flat rock or spillway so well 
shown about Altona. On the west the old stream bed springs as 
out of the air across the swamp near the crest of the col. Nothing 
else than the front of the Wisconsin ice sheet, pressed against and 
around the northern slope of Covey hill and the northern flanks 
of the Adirondacks to the westward, could have held up to this ele- 
vation the waters which discharged eastward through “ the Gulf ” 
to the lower levels of the Champlain valley. The present investi- 
gation has not determined the precise origin of these waters— 
whether they came from the ice itself, from the large streams 


which, descending the northern slopes of the Adirondacks, dis- 


charged against the ice front; or whether any part of the water 
passed along the front of the ice to this point from the northeast- 
ern extension of some stage of Lake Iroquois, a large fresh-water 
lake retained over the site of present Lake Ontario by the western 
extension of the same ice dam which is here invoked for the anom- 
alous drainage feature of “the Gulf.” 

The facts at “the Gulf” warrant the conclusion that, at the 
time the ice sheet stood along the boundary so as to hold the drain- 
age up to this col, there was a free run off for the water from at 
least the upper lakelet at an elevation as great as 830 feet above 
the present sea level. This, as will be shown later, precludes the 
idea of a glacial lake existing above this level at this particular 
time over the Champlain valley. The same remark holds true for 
the bottom of the gorge at the lower lakelet: while the water still 
flowed through this gorge at the latest stage a glacial lake could 
hardly have existed to the south and east at a higher level than 
the 645 foot level. [See p. 41 for further bearing of facts at 
Covey hill on water levels] 

“The Gulf” is a witness also against the presence of the sea 
within the range of its elevation and shows that the deltas and 
shore lines within these levels southward along the slopes of the 
Adirondacks are not of marine origin. 


Small rock exposures 


The small rock exposures shown on the map—care has been 
taken to show all that were observed—fall into two groups, arti- 
ficial and natural exposures. The artificial exposures are in this 
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district almost entirely in road and railway cuttings, but many 
along these lines of travel are also natural exposures, particularly 
in the zone of wave action. 

The natural exposures are mainly due to the sweeping away of 


_ the drift and beach materials along the beds and banks of streams, 


and in the low grounds from elevations of 600 feet downward, to 
the scouring action of waves. Their distribution serves to show 
that over most of the area the covering of glacial deposits and the 
wave-modified drift derived from them are on the whole thin. — 
Where these small exposures are crowded, the surficial deposits 
are thinner than in regions where the outcrops are widely 
scattered. 


LATE AND POST-WISCONSIN LAKE AND MARINE DEPOSITS 

The complicated course of events attending the disappearance 
of the ice sheet from the northern slope of the Adirondacks cai 
perhaps be understood if it is remembered that, while the tor- 
rents which produced the spillways were discharging along the 
ice front over the district from the south side of Covey hill to 
the Little Chazy, the ice sheet was gradually receding from this 
position, that over the site of Lake Champlain a glacial lake 
was expanding northward foot by foot- with the recession of 
the ice front, and that standing water crept in between the ice 
front and the eastern margin of the flat rock areas. As the 
ice still further withdrew, an open lake existed for a time with 
an ice barrier for its northern shore, stretching in an ill defined 
line from Covey hill to the northern versant of the Green moun- 
tains. It was still the Wisconsin glacial epoch. The ice next 
disappeared from the entrance to Lake Champlain, and the sea 
came in and began a new series of processes. The Wisconsin 
epoch locally had closed, and a new epoch with essentially non- 
glacial processes of change had been introduced. This epoch 
is the only true “ Champlain” epoch of the Pleistocene period. 
The sea did not apparently stand as high against the land as 
did the earlier lake shores. The beaches of both series are 
preserved on the Mooers quadrangle, and it is difficult to dis- 
tinguish between them as one traverses the wave-modified belt 
from the lowlands near Lake Champlain to the upper limit of 
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beach ridges at the eastern margin of the bared rock areas 
denominated spillways. 3 
In the low grounds there are other deposits—beds of gravel, 


sand, and clay sometimes in the form of deltas, often occur-_ 


ing as flats. Marine fossils occur well up toward 350 feet in 
the area from Plattsburg northward and shells afford decisive 
evidence of marine submergence up to 340 feet near Mooers. 

In general, the glacial deposits which have been worked over 
by waves occur in three fairly well defined belts or zones, viz: 

1 A cobbly beach zone, several miles in width and ranging 
from an elevation of over 700 feet on the north to 640 feet on 
the south and thence down to about 250 feet. 

2 A sandy zone looping up into the area of the first zone but 
lying mainly lower and somewhat farther east; and often char- 
acterized by glacial erratics of small size not definitely arranged 
by wave action. 

3 Nearer the shore of Lake Champlain a clay zone more or 
less overlapped by the eastward extension of the sand zone. 
This clay zone lies almost altogether to the east of the Mooers 
quadrangle, but ramifications of it extend up the valleys of the 
rivers as high as the 250 foot level as near Mooers. 


Shore lines of the area 

The area covered by this atlas sheet displays the greatest 
array of abandoned and elevated beaches to be seen anywhere on 
the New York side of the Champlain valley. In the vicinity of 
West Chazy, unquestionable wave action can be traced up to an 
elevation of 675 feet above the present sea level. Along the inter- 
national boundary unquestionable wave action can be traced 
within the limits of the map, from 280 feet up to about 540 feet. 
Above this hight in the northwest corner of the area in the dis- 
trict known as Armstrong’s Bush, probable wave action appears 
at 620 feet to 630 feet, and again at 720 feet above the present 
sea level. 

The accompanying map [pl. 26] shows the beach ridges where 
they have been seen. Except near the larger streams, where sandy 
deltas are developed, the slopes between the 450 foot contour and 
the 860 foot line are thickly beset with wave marks. The beach 
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lines, in the form of low ridges, often crowded closely together, 
are particularly numerous northwest of the English river along 
the international boundary between 3860 feet and 500 feet. I 
counted 25 such ridges between the 365 foot and the 450 foot con- 
tour lines. From Bullis brook south of Mooers to the southern 
limits of the sheet, the surface is ribbed with beaches almost 


_ everywhere apparent, from 500 feet down to 320. Higher wave 


marks also occur in this part of the sheet. Lower wave marks 
are seen on the Rouse Point quadrangle to the east. 

The location of the numerous beaches shown on the map and 
their position with reference to the contour lines were deter- 
mined by eye estimates in traversing the areas where they occur. 
Any single beach ridge can seldom be traced satisfactorily for any 
distance; it may fade away, merge into other lines, or become lost 
in second growth timber, where its slight relief, added to the other 
difficulties named, would make the detailed mapping of the many 
similar beaches on this area hardly worth the expenditure of time 
and money. I have reason to believe that many of the short beach 
lines shown on the map are really more extended. Careful leveling 
would also, I believe, show a greater divergence between the beach 
lines and the contour lines. It is to be presumed that the con- 
tour lines are correctly drawn. It is noticeable however that 
they are drawn to follow the prominent beach lines; but the evi- 
dent decline of the principal wave zone from north to south ap- 
pears to indicate very clearly that the beach lines are not level 
lines, yet no beach as before noted proved sufficiently distinct 
and continuous to make the test of walking one out across the 
area available for determining the degree of tilting. 

The principal object of the study and mapping of the beaches 
has been to determine if possible the uppet marine limit in this 
field, and the question at once arose whether all the beaches were 
marine or whether some of the higher ones were formed in a 
fresh-water lake in front of the retreating ice sheet. It has been 
seen how “the Gulf ” would place the marine limit below 645 feet 
of elevation. 

The lower beaches up to at least 340 feet above the present sea 
level are shown to have been made by the sea by the existence of 
marine shells in the contemporaneous deposits. There appear to 
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be no characteristics by which marine beaches as such can be dis- 
criminated from lake beaches. As will be shown in more detail 
in a report now in preparation on the whole question of the 
marine invasion in the Champlain and Hudson valleys, certain 
reasonable assumptions may be made with regard to the distri- 
bution of beaches, by means of which, when the expectations are 
met, the marine beaches in this area above the fossil shells and 
below the level of tthe Gulf may be distinguished from those 
made in glacial dammed lakes. In the first place, elevated 
marine beaches may be expected to be traceable with more or less 
continuity throughout the entire borders of low ground to which 
the sea must have had access; the beaches may be expected to 
succeed each other at any given place without very noticeable 
breaks in the vertical succession, as a consequence of the rather 
uniform nature of the elevation of the land above the sea. Glacial 
lake beaches, on the contrary, would be expected to end where 
they met the ice front, they should not therefore be continuous 
where sea beaches would be continuous; the sudden lowering of a 
glacial lake by the uncovering of a new outlet would cause notice- 
able intervals in \the vertical succession of these beaches; and par- 
ticularly might an interval be expected between the lowest lake 
beach level and the upper marine limit. 

There are other minor differences with regard to the develop. 
ment of lake and marine beaches which may be expected in the 
Champlain district. In the making of marine beaches, the 
strength of the wave action at any place depends in part on its 
exposure, and that on the fetch of the winds across the water 
body. Where the topography and materials to be wrought by 
the waves are essentially the same from higher to lower levels 
in a given portion of the area traversed by the regression of the 
Sea, a like strength of beaches is to be expected. 

In the case of deep waters along an ice front, the heaviest 
wave action may be expected to occur independently of the con- 
ditions which control normal marine waves. It will take place 
at or near the junction of the shore line with the ice front; for 
there the calving of the ice front in the production of icebergs 
will set up heavy waves, the force and direction of whose action 
will be independent of the prevalent winds and the more remote 
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geographic conditions of the lake or fiord seemingly protected 
coasts are thus rapidly waveworn, an observation which Dr 
Gilbert personally communicated to me from his experience in 
Alaska. In a glacial lake such wave-made beaches would fre- 
quently occur as worked over morainal deposits recently aban- 
doned by the retreat of the ice sheet. Such wave action would 
cast up materials higher than waves would reach along the 
shores removed from the ice front. 

The magnitude and power of berg-made waves in situatious 
where wind-made waves can hardly reach any considerable size, 
has been vividly described by Dr Isaac L, Hayes! from personal 
experience in the Sermitsialik fiord on the west coast of Green- 
land in the voyage of the steamer Parther. The calving of the 
front of the glacier which enters the sea in this fiord produced 
a wave of vast proportions. “The wave,” states Hayes, “ occa- 
sioned by an earthquake only can be compared with it in mag- 
nitude and force. . . Wayes of considerable though not 
dangerous magnitude followed, and it was quite half an hour 
before the waters were at rest.” 


Upper limit of beaches 

The upper limit of beaches or to be more concise the upper 
limit of wave action on the Mooers quadrangle appears to be 
found in the northwest corner of the area at 720 feet according 
to the local contour of the map, but west of the area mapped a 
possible higher deposit occurs at the corner of the road to 
Covey Hill postoffice. This 720 foot deposit is a coarse cobble- 
stone bar ending on the south with a spitlike hook just north 
of Kellas broek. Beachlike ridges also occur to the south 
along the road at 720 and 725 feet, and again at Cannon Corners 
on either side of the English river as shown on the map. Pos- 
sible wave marks-occur on the south of the English river as 
high as 750 feet according to the contours of the map. Still 
farther south along the western border of the quadrangle and 
north of Deer pond, what appears to be weak wave action is 
indicated by the configuration of the ground and rounded gravel 
at about 705 feet. On the hillside west of this locality water- 


‘Hayes, Isaac L. A Visit to a Greenland. Glacier. Harper’s New 
Monthly Magazine, January 1872. 44:212-13. 
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worn cobbles form a steep slope nearly to the 8U0 foot contour 
line but I have not been able to distinguish this deposit from 
waterworn material deposited in the presence of the glacier 
and worked over by it. it is not discriminated from the general 
local drift coating on the accompanying map. 

South of Deer pond and thence southeastward along the cury- 
ing contour of the flanks of the Adirondacks I have net been able 
to find traces of wave action above 680 feet along the northern 
margin of the Altona flat rock or spillway, above 670 to 675 feet 
in the region west of West Chazy, and above 640 feet at the 
southern limit of the map. 

Water may have stood at a higher level with waves beating 
against the flat rocks kut these bared surfaces would have 
yielded little material for making recognizable beaches. The 
680 foot level is very indistinct or locally wanting along the 
eastern margin of the Altona flat rock area in the southern 
part of Pine ridge where the stripped rocks descend to lower 
levels than usual. The absence of definite beaches therefore 
between Deer pond and Altona does not necessarily mean the 
absence of wave action within the zone at which it might be 
expected if it is granted that these supposed wave-made deposits 
marked a former water level now tilted to the southward. 

The falling off in level of this tracing of highest beaches is 
as much as 110 feet at least between Cannon Corners and the 
southern margin of the quadrangle. In an air line in a north- 
west and southeast direction this amounts to a rise on the 
north at the rate of about 6.5 feet to the mile, or if we neglect 
any possible eastwest tilting, and compare the two localities 
in a north and south direction, ‘the rate of tilting is about 74 
feet to the mile. 

The rather persistent beach at the 680 foot contour on the north 
side of the Altona flat rock extending in an east by south direc- 
tion for about 3 miles lies at a very large angle to the evident di- 
rection of tilting and this fact will account for the approximate 
uniformity of level which the water lines there show. 

These estimates of the degree of tilting involve the supposition 
that the highest lines are parts of one. water level. There are 
good reasons for thinking this not the case. It is evident that 
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they are the traces of successive stages of water action along the 
_ border of the ice. In a later part of this report the attempt is 
__— made to correlate them with different levels of a glacial lake which 
has left more definite traces over the southern border of the quad- 
rangle, but whose tilting does not exceed 4.5 feet to the mile to the 
south. In fact there is no very definite upper limit to the signs 
of water action in this field and certainly none that can be traced 
continuously across the area. Far above this field to the west as 
the ice withdrew from the district, streams of water coursed along 
the ice border, building stream bars and plains of gravel and sand 
wherever space was provided for temporary lakes; gradually as 
the form of the ground favored the process larger lakes ending 
in one large lake came into existence and this extended north- 
ward over the Champlain valley as the ice front retreated. With 
regard to the beaches and signs of wave action in the quadrangle, 

the following account groups them roughly in two series. 


Upper series of beaches 

The upper series of beaches on the Mooers quadrangle comprise 
those higher water level traces of the area of which no satisfactory 
evidence has been found extending beyond the limits of the map 
around the northern slope of Covey hill on the Canadian side of 
the boundary line. These water levels are believed to be mainly 
the margins of successive lower and lower stages of a glacial lake 
which gradually extended northward in the Champlain valley 
with the northward recession of the Wisconsin ice sheet. The 
evidence on which the upper beaches are distinguished from a 
lower group of marine origin is such as to make what is appar- 
ently an arbitrary division of the beaches in this particular area. 

Along the northern edge of the quadrangle at the international 
boundary, the upper series as here defined includes those traces of 
water action which appear above 450 feet. It will be noted by an 
inspection of the map [pl. 26} on the rather steep slope between 
the 380 and the 520 foot levels, averaging about 140 feet to the 
mile, the beach ridges are well developed and closely crowded. 
Above 538 feet no traces of beaches in the northern part of the 
map are shown till the 620 foot level is reached, where scanty 
evidences of possible beach action have been seen at one place in 
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the northwest corner. A second higher interval without definite 
traces appears between 620 and 720 feet at the upper of which 
elevations a beachlike ridge of cobblestones terminating south- 
ward in a recurved spit or hook is found at the head of Kellas 
brook. Southward from this point isolated traces appear at 
mainly higher levels up to 750 feet south of the English river 
which are tentatively regarded as the work of wayes rather than 
of running water. About half a mile west of the Mooers quad- 
rangle, where the road south of the boundary line turns north- 
ward toward Covey Hill postoffice, at an elevation by the aneroid 
of about 820 feet, there is a repetition of the cobblestone deposits 
at the 720 foot level. These upper deposits at 620, 720 and 820 
feet along the international boundary are not certainly beaches; 
they may be the products of streams of water coursing along the 
ice margin where it met the confronting slope of the land at these 
respective levels. The association with the spillways suggests this 
relation. Nevertheless if they are not true water levels they 
appear to fall in certain planes of tilted water levels shown 
farther south. 

- In the southern part of the area in the latitude of West Chazy 
beach phenomena are nearly continuous from about 675 feet 
down to the eastern limit of the area. Beginning at the top, the 
most conspicuous example is found at the locality which I have 
named Cobblestone hill. 

Cobblestone hill beaches. The highest distinct wave marks in 
the southern half of the Mooers quadrangle lie, as nearly as I 
have been able to determine by the aneroid and a comparison of 
the contoured map with the ground, between the 640 foot 
line on the extreme south and the 680 foot contour line near 
Altona. This line of wave action can be traced with some breaks 
from a point on the northern margin of the Flat Rocks 1 mile 
southeast of Altona along the margin of the Flat rock area to 
the series of beaches which form the eastern face of the high 
morainal wall stretching off to the south from Pine ridge and 
terminating at the Little Chazy river. South of the Little Chazy, 
the beach ridge reappears on an elongated hill at an elevation 
according to the local contour, of 675 feet, and reappears farther 
south between the upper branches of Ferrel brook at about the 


Plate 12 


View looking north along the eastern slope of Cobblestone hill, just below 
the crest 
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Plate 14 


The crest of Cobblestone hill, showing strong wave action on boulders and 
large cobbles. Looking west. Elevation 650 feet 
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same level. I was not able to recognize any distinct beach at or 
near this level farther south on this area. 

At the point of beginning near Altona the beach is distinctly 
ribbed and contains many angular blocks along with water-worn 
cobblestones. The deposit is raised some 3 or 4 feet above the 
surface of the bare flat rock whose surface, following the local 
dip, shelves steeply beneath the beach. 

At Bert Waitman’s berry camp, a locality 1.1 miles distant in 
a n.n.e, direction from Dead Sea, the bare rock extends a few rods 
below and north of a line of subangular boulders, whose elevation 
according to the aneroid measurement is 680 feet, a deposit which 
taken by itself is not suggestive of a beach. Glacial striae were 
observed here on the rocks (n. 31°e.). 

At a berry camp on the margin of the rock, reached by a road 
going southwestward from Sciota, no trace of wave-strewn cobbles 
or blocks was observed at 680 feet, and, as noted above, the bare - 
rock descends nearly to the 620 foot contour line. It is con- 
ceivable that along this part of the line the wave action was such 
as to remove rather than deposit longshore drift. 

South of the locality last mentioned, the partly wooded surface 
of the stripped rock shows here and there a block or group of 
blocks of sandstone in positions suggesting wave action. No trace 
of a water level at or near the 680 foot line was detected on the 
northern part of the morainal spur composed of very large sand- 
stone blocks, which joins the southeastern point of Pine ridge. 
Wave action appears however at a somewhat lower level, in the 
most pronounced manner on the extension of this morainal ridge, 
which forms a detached mass somewhat to the south and east, 
named, as before noted, Cobblestone hill on the map which 
accompanies this report [pl. 12-14]. 

Apparently this hill was originally a morainal wall laid down 
along the ice margin at the southeastern extremity of the Altona 
flat rock area. It is one of a series of elongated drift ridges which 
extend en échelon from the southern end of Pine ridge along the 
eastern base of Rand hill in Beekmantown approximately between 
the 600 foot and 700 foot contour lines. Its form on the atlas 
sheet is imperfectly shown. The northwestern part rises above 
what is here termed the crest of wave-heaped cobbles. 
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The hill is composed altogether of blocks and cobbles of the 


’ Potsdam sandstone. On the wave-heaped crest and the western 
landward slope the blocks are still prevailingly angular, and 
there are no signs of strong water action other than the bare flat 
rocks. But from the crest down the eastern wave-washed slope 


the blocks are often well rounded, and are particularly so at 
lower levels. The fragments decrease in size from the crest, and. 


near the 600 foot level are coarse gravels. The larger blocks are 
between 3 and 4 feet in length, but blocks yet larger occur. Ovoid 
masses of this size in the upper zones of beach action attest the 
strength of the waves which reshaped this side of the hill. 

The eastern slope exhibits a number of benches of these 
boulderets and cobbles arranged in the manner peculiar to 
regressive wave action. The crest, tolerably uniform in elevation, 
is a narrow ridge, about the northern and southern ends of which 
the cobbles of the shelf next below are extended in well formed 
recurved hooks. 

The third level below the crest extends northward along the 
slope of the ridge, which is there lower and, like the continuation 
of the beach on the second level, loses its beach aspect near the 
northern end of the hill. 

I was not able to identify any signs of this wave action at 
similar levels on the equally strong morainal ridge just north and 
west of the hill. 

The southern end of Cobblestone hill falls off to a lower level 
with signs of wave action along the crest of this extension, and 
about halfway down its eastern slope. Below 600 feet the sur- 
face of the main ridge is heavily covered with coarse gravelly 
deposits forming an even slope characteristic ofthe zone just 
below strong wave action. 

In a subsequent report it is planned to give a sketch map and 
more detailed account of this deposit. 

Neither north nor south of Cobblestone hill, within the zone of 
abandoned beaches to which this group of strand lines belongs, 
are there indications of such strong and long continued wave 
action. The extreme localization of the effects has seemed to me 
possibly explicable on the view advanced oni a) previous page, viz, 
that the ice front for some time stood/near this hill on the north, 
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and that the waves set up by bergs forming along the ice front 
were the cause of the phenomena. With the surface of static 
water as high as the 640 foot contour line at this locality, there 
would have been a depth of water of 140 feet at a distance of 1 
mile, of 240 feet at a distance of 2 miles, 340 feet at 3 miles, depths 
far less than those in Greenland fiords, but not as I conceive it, 
incompatible with the idea of berg-made waves of a magnitude 
greater than wind-made waves in an open body of water in the 
same position. 

Against the view of berg-made waves, it is to be noted that 
Cobblestone hill stands out in a more exposed position than the 
similar ridges immediately north and south of it; and that the 
benches of cobblestones on its wave-washed face range through 
over 30 feet of elevation, as if the cause persisted through a change 
of water level. 

The highest beaches detected south of Cobblestone hill appear 
to be along the same water level, falling off gradually in elevation 
as the shore line is traced southward. The elongate hill which 
rises to the 700 foot contour line between the Little Chazy river 
and the north branch of Ferrel brook is decidedly ribbed on its 
eastern face at about 670 feet. In the flat at the eastern base of 
the hill, in the woods, at 680 feet (aneroid) there is a stony belt 
suggesting brief wave action. 

Still farther south, between the branches of Ferrel brook from 
about 670 feet down to 625 feet (by contours of the map) there 
are four wave marks, the uppermost of which is traceable for 
about ? of a mile. 

Between the southern branch of Ferrel brook and the northern- 
most branch of Silver creek, faint wave marks are distinguishable 
from 650 feet down to 590 feet. 

Southward of these indications to the southern limit of the map 
(44°45’n.lat.) the steep slope of the base of Rand hill, between 660 
feet and 630 feet at least, is smoothened with rubble which 
appears to have been deposited under water or under the action 
of light waves as the water surface passed from higher to lower 
levels of the hillside. 

At the extreme southern limit of the sheet and south of the road 


to Dannemora, a strong ridge appears delimited on the atlas 
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sheet by the 640 foot contour line. The loose rubble which 
mantles its surface, particularly on the east, is strongly suggestive 
of wave action. From this locality westward up the slope of 
Rand hill the surface is till-covered, becoming morainic in char- 
acter, with kettle holes indicating the deposition of much glacial 
drift in the presence of melting ice. 

Throughout the entire length of the Mooers district but few 
positive traces of wave action occur between the 500 and 600 
foot contour lines. Along the road parallel with the inter- 
national boundary, in the district locally known as Armstrong’s 
bush, there are no marks between 540 and 620 which can be 
attributed to wave action, nor are any phenomena of the sort 
observed except for the slight indications below noted till oue 
passes south of Bovington brook near West Chazy. The pos- 
sible exceptions are the weak signs of wave action north of the 
English river between 510 feet and 515 feet, the weak beaches 
on the hill midway between Sciota and West Chazy at eleva- 
tions of 540, 550, and a possible case at 590 feet. This ridging 
of the drift at 590 feet occurs also about a mile and a half west 
near the margin of the Altona Flat Rock area, with a 600 foot 
ridge immediately west of it. 

On the road from West Chazy to Cobblestone hill, possible 
wave marks occur at 540 feet, 545 feet, and again on the eastern 
and northern slopes of the low hill marked by the 580 foot line. 
Along the eastern base of Cobblestone hill and northward to- 
ward the edge of the Flat rock area, there are beach levels con- 
tinuous in series with the Cobblestone hill group from 610 feet 
down to at least 590 feet. 

South of the Little Chazy river, there is an apparent beach 
north of the main branch of Ferrel brook at about 530 feet 
(from the map). Another narrow beach ridge with a hook at 
its northern end occurs along the road going south from West 
Beekmantown at about 550 feet according to the local contour; 
and southwest of this town the 500 foot contour line apparently 
follows the crest of an offshore bar. 

Between Silver creek and the south branch of Ferrel brook, 
there is a marked sandy bar rising on its eastern face from the 
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480 to at least the 560 foot line, but I am not certain that it is 
wave-made. 

When one compares the rather marked shore lines between 
590 feet and 680 feet on the south, and between 620 feet and 
720 feet on the north of this area, with this indistinctly marked 
zone between, extending down to about 500 feet on the south 
and to 540 feet on the north, it is evident that the sinking of 
the water level or the rise of the land in relation to the wave 
zone was rapidly accomplished. The greater number of the 
wave marks in this interval on ‘the south, both as regards the 
cases mapped and their broader distribution in the vertical 
space, is taken to indicate that water action lasted there longer 
than on the north of the Corbeau. It is to be noted also that 
the large streams which traverse the northern part of this field 
have no deltas between 500 feet and 600 feet. They apparently 
extended their mouths from the deltas above the 600 foot line 
to those below the 500 foot line suddenly. The English river 
has no delta immediately below the 500 foot line, as the Big 
Chazy has just south of it, unless we regard that delta as partly 
formed also by the English river. The English river has how- 
ever a delta at about 450 feet. 

From a comparison of these shores lines and deltas southward 
throughout the Champlain valley with certain spillways and 
outlets between Fort Edward and Stillwater it appears that a 
glacial lake must have existed for a long time over the region, 
held in on the north by the retreating ice front and thus over- 
flowing southward. The earliest stage of this lake is appar- 
ently marked by a spillway over the west bank of the Hudson 
gorge between Schuylerville and Quaker Springs. This stage of 
the lake is probably not represented on the Mooers quadrangle by 
lacustrine deposits or shore lines. The ice appears still to have 
covered the district. 

Laiter the excurrent stream cleared out a drift-filled side chan- 
nel of the Hudson west of Schuylerville and joined the Hudson 
gorge at Coveville. By this time the glacial lake appears to 
have extended into the Mooers district. The upper line of wave 
action on Cobblestone hill, and the signs of wave action rising 


388 NEW YORK STATE MUSEUM 


northwestward to the 720 foot line at Armstrong’s bush are 
believed to have been formed at this time. 

Gradually the waters at the outlet cleared out the main gorge 
‘of the Hudson and finally came to a lower level with an outlet 
just north of Fort Edward, establishing a level over the lake 
about 100 feet lower than that of the Coveville stage. At this 
time the shore line stood somewhere near 550 feet at the 
southern end of the Mooers quadrangle and at about 620 feet 

-at the northern end of the area. 

This glacial lake, which it is proposed to call Lake Vermont, 
endured for some time longer when the ice sheet melted out along 
the northern border of the Green mountains and allowed the 
waters to fall to the level of the sea. On account of the then low 
stand of the land the sea at once came in and spread as far south 
as Whitehall. 

Before the sea came in, however, there appears to have been a 
stage in which the lake waters gradually fell below the Fort 
Iidward outlet, presumably by reason of the weakening of the ice 
barrier on the north allowing the more or less gradual escape of 
the lake waters. The crowded beaches in the northern part of 
the quadrangle from 540 feet down to the upper marine limit near 
the 450 foot contour line are referred to this stage. I have 
described their correlation with what appear to be stream-cut 
terraces on the northern side of Covey hill in another paper on 
the ancient water levels of the Hudson and Champlain valleys. 

It has been suggested by Mr Warren Upham that the ice front 
receded from the Champlain valley in such a manner as to allow 
a connection between the glacial lake in this field and one extend- 
ing over the upper St Lawrence valley into Lake Ontario, previous 
to the invasion of the district by the sea. These beaches and 
possibly some of the lower ones referred to the marine stage would 
be thus explained but not so the cut terraces at Covey hill and 
‘the occurrence of marine shells on Mt Royal at an elevation of 
about 550 feet.t 

The average inclination of these old water levels to the south 
is assumed to be parallel to the upper marine limit. An attempt 
to trace some one line of beaches proved unavailing as a test of 


*Sir William Dawson gives both 540 and 560 feet for the elevation. 
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their attitude. There are certain lines of water level, for instance 
that at about 500 feet between the English river and the west 
branch of that river, which at first sight appear to be without 
tilting. On going south of Wood Falls one finds the fragments 
of a beach at practically the same level and again farther south- 
east near the road from Sciota to Altona there is a large bar at 
this level. But when the line is followed along the international 
boundary, favorable slopes of the ground show equally good wave 
marks going up to 540 feet. The beaches are not continuous. 

A conspicuous bar first noted by Dr Gilbert occurs at 450 feet 
on Bovington brook near West Chazy, quite well enough formed 
to have been made by strong waves in the sea, but it does not 
appear to demand stronger wave action than that formed on the 
face of Cobblestone hill just west of it at a much higher eleva- 
tion and undoubtedly by glacial lake waters. 


Lower series of beaches 


The lower series of beaches on the Mooers quadrangle comprise 
those levels of former wave action which can be traced northward 
beyond the limits of the map around the northern slope of Covey 
hill in Canada. These wave marks are presumably marine. The 
data from Covey hill beyond the northern limits of this area are 
briefly presented in this paper under another heading. The high- 
est level of clear wave action at that point is 450 feet above sea 
level. On the Mooers quadrangle wave action is traceable on the 
northern margin of the area in closely set ridges forming a dis- 
tinct group from 540 feet down to 370 feet at the base of the hill 
just east of Armstrong’s bush. Eastward over the area, beaches 
occur on exposed places, mainly low ridges or hillocks, at levels 
from 350 feet down to 340 feet and again near Perry Mills at 250 
feet (by the contour of the map) [pl. 15]. 

This group of beaches can be traced from the northern limits of 
the map to the vicinity of the English river. Between the English 
river and Bullis brook west of Sciota, recognizable beaches are 
fewer and much less distinct as the accompanying map shows. 
About a mile southeast from Wood Falls the highest beach seen 
occurs at 500 feet according to the local contour by the map. 
There is a bar [pl. 16, 17] partly thrown across one of the head 
branches of Bullis brook at this level. Hast of Bullis brook and 
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southward to the southern limits of the map, beach ridges rib the 
slope at Sciota from 495 feet down to 250 feet according to the 
contours of the map. Beach ridges and waterworn gravels occur 
either side of the state road from Sciota to the vicinity of Tracy 
brook. At 450 feet Bovington brook, as noted by Dr Gil- 
bert, cuts through a well formed bar with a typical under water 
beach slope in front of the bar. Above this level along the 
road to Cobblestone hill there are faint parallel lines with 
rather angular washed material indicative of wave action at 
530, 545 and 580 feet (by the map). These higher water lines 
are apparently traces of the water body which sank stage by 
stage from the 570 foot level in this latitude to the lower series 
of beaches. South of West Chazy stronger and broader bars 
than appear on the north come into existence in a slightly 
overlapping or offset arrangement, which is fairly well shown 
by the contouring of the map just above the 420 foot line. 
These broader ridges are marked by minor beach ridges. East 
of West Beekmantown, these larger bars take on the form of 
definite offshore bars, inclosing back swamps. Silver creek 
winds its way in rectangular_adjustment down the slope run- 
ning part way between the bars and part way transverse to 
their extension where they become depressed and exhibit their 
offsetting. Another broad wave-heaped ridge of this character 
occurs south of West Beekmantown at about 500 foot eleva- 
tion. West of this beach wave marks appear at about 545 feet. 
There is a distinct group of half a dozen beach ribs on the 
slope south of Silver creek from 315 feet up to 340 feet. This 
group of minor beach ridges extends northward and merges 
into the broader belt of greater vertical range north of West 
Chazy. 

The beaches of this lower series, as a whole, are composed of 
highly angular materials, often flat slabs of Potsdam sandstone 
or angular polygonal blocks dependent apparently on the man- 
ner of fracture of the nearby underlying Potsdam sandstone 
derived either from ledges or the glacial drift worked over by the 
waves. In the northern part of the map near the international 
boundary, rolled and rounded pebbles aside from those in the 
deltas near streams as at 420 feet east of the English river, first 
appear at an elevation of about 350 feet on the western slope of a 


a. 
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low modified drumloidal hill about 2 miles northwest of Mooers 
Junction. The underlying glacial materials are angular rock 


fragments peculiar to glacial till. It is evident that long con- < 


tinued and effective wave action took place on the western slope 
of this hill. The eastern slope is occasioned by a few large bould- 
ers but without waterworn materials and without any definite 
signs of a beach. Another similar ridge about 1 mile south- 
east of that aboye described shows similar features except that 
its crest is wave-heaped inclosing a shallow lagoon between 
low beach ridges. Its eastern slope is wave washed. The crest 
is approximately at the 350 foot level. 

From Sciota southward to near West Chazy there is much 
subrounded beach gravel along the state road at levels from 380 
to 400 feet. There are also heavy beaches [pl. 18-21]. 

Summarizing, none of these ridges has been found sufficiently 
continuous and distinct from those above and below it to enable 
one to trace it out by walking across the area on what appeared to 
be a deposit made at any one time across the limits of the sheet. 
The attempt to show whether the beaches are still level or are tilted 
from their original position appeared to demand a more general 
consideration involving a study of the beaches north and south of 
the area. Similarly the distinction between beaches made by waves 
in the glacial lake which it is believed covered the district before 
the sea came in and those made by the waves of the sea has not 
seemed possible by means of evidence found within the Mooers 
quadrangle. Though as shown below there are certain details 
in the strength of wave action which fit in with facts farther 
south and confirm the view that the upper marine limit is ap- 
proximately determinable. 

Evidence at Covey hill, Canada. Fortunately for the geologist in 
this field, the critical area for the study of the shore line 
problems which arise on the Mooers quadrangle lies just over the 
international boundary in Canada. Immediately north of the 
abandoned Niagara known as “the Gulf,” the northeastern pro- 
longation of the Adirondacks terminates in Covey hill, whose 
elevation according to the United States Geological Survey is 
1030 feet above mean tide level.t Within about 3 miles from the 
boundary line the ground falls off to less than 300 feet, as at 


1Information supplied by Dr G. K. Gilbert. 
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Vicars. The northern slope of this hill thus stands as a self- 
registering nilometer of the water levels which have existed in 
the St Lawrence valley in contradistinction to glacial lake levels 
in the Champlain on the east of the Adirondacks and in the upper 
St Lawrence valley and over the Lake Ontario basin on the west. 

The crest of Covey hill is till covered. It has already been 
pointed out that “the Gulf” at the western base of the hill 
indicates the path of a powerful torrent flowing across this spur 
of the mountains at the time when the ice front had receded locally 
as far as Covey hill, but had not retreated from its northern 
slope. These torrential waters held up by the ice formed a water- 
fall, whose cliff is now at 870 feet, and whose pool stands at 
830 feet; below this is a second pool in the bottom of a chasm 
160 feet deep precisely on the international boundary line. The 
surface of this pool, according to Dr Gilbert’s observation, is 
645 feet. From this point the valley opens out, the small, spring- 
fed stream which escapes from the lakelets turns northeastward, 
thence north past Covey Hill postoffice and, joining the English 
river, falls into the Chateaugay and thence enters the St Law- 
rence river at a point almost directly north of Covey hill. 

From the facts shown at “the Gulf” it is evident that, when 
the ice front rested against the northern slope of Covey hill, 
the drainage at its southern base found open-air conditions of 
flow at a level as low as that of 645 feet. About 2 miles south- 
east of this lakelet, something like shore line phenomena appear 
on the Mooers quadrangle at 620 feet to 630 feet, a level which 
would not have drowned the waterfall action at “the Gulf.” 
At an earlier stage water levels appear 100 feet higher in the 
‘northwest corner of the Mooers quadrangle; water at this level 
would have penetrated the chasm at “the Gulf” and entered part 
way between the lower and the upper lakes. At a still earlier 
Stage there appears to have been formed a cobblestone bar with 
spits just west of the Mooers quadrangle at an elevation of about 
810 feet (aneroid) ; waters at this level would have come nearly 
to the upper lake. 

At the time the waters were flowing out of the lower lake at 
“the Gulf,” the discharge must have taken place eastward and 
thence southward to the Mooers quadrangle along the 620 foot to 
640 foot level, being held to this line of flow by the ice on the north 
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and also for the reason that the ground south of “the Gulf” 
along the line of the Stafford’s and Blackman’s rock spillways was 
much higher than the path opened up as the ice retreated from the 
Potsdam escarpment to the east of “the Gulf.” 

That certain shore lines on the Mooers quadrangle and the area 
west of it are contemporaneous with the drainage through “ the 
Gulf” notch and thus with the ice sheet frontage against the 


northern slope of Covey hill, is shown by the absence of such 


distinct wave marks on the northern slope of the hill between 
the levels of at least 900 feet and 600 feet. ‘An almost unmodi- 


_ fied slope of till in the most favorable position for rearrangement 


under the action of waves or lateral glacial streams covers this 
important interval. The phenomena of “the Gulf” demand an 
ice barrier on the north to hold up the extraglacial waters so 
as to cause them to flow over a col in the divide between the 
head waters of the Chateaugay river. The water levels on the 
south of “the Gulf,’ whose.range is the same as that of the 
depth of “ the Gulf,” are, it has been shown, also contemporaneous 
with the ice frontage in that field and therefore, I think, are 
demonstrated to be independent of the sea in the Champlain and 
St Lawrence valleys. 

The intervals between signs of water level on the Mooers 
quadrangle thus appear to be associated with a glacial lake, sud- 
den falls in which might arise from the opening of new spillways 
as a consequence of the continued retreat of the ice sheet. 

There is, according to my observations, something like a periodic 
recurrence in the vertical interval between these water levels; 
thus there is, above the continuous series of lower beaches which 
stop off between 520 feet and 540 feet, an interval up to 610 to 
620, another interval from that level to that of 720 to 725, followed 
by another up to 810 or 820 feet, intervals approximately 100 feet. 
This is I believe to be attributed to the nature of the ground about 
the southern end of this glacial lake in the region of its outlet. 

Determination of the upper marine limit, benches and beaches on 
the north slope of Covey hill. The accompanying sketch map gives 
a general idea of the Covey hill district [see pl. 11]. The roads 
and position of villages have been traced from Walling’s Alas of 
Canada. The contour lines are mere approximations based on 
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aneroid readings made by myself in traversing some of the roads 
and the railroad shown on the map. The elevation of the top of 
Covey hill has been furnished me as noted by Dr Gilbert. 

The crest of Covey hill is devoid of marks of water action 
attributable to waves or glacial streams. Toward the base of the 
northern slope of the hill, unmistakable evidence of water action 
begins to appear at about 570 feet, and from that level down to 
the rather rolling low ground at its base there is first a succession 
of benches and then of distinct beaches. These are encountered 
in going from Covey Hill postoffice to Vicars, from the top of 
Covey hill to the main road west of Stockwell, and in descending ~ 
the hill by the northwest road which enters Franklin Center. 

On the road to Franklin, just beyond the fork in the roads, 
there is a small sand flat or delta on a little stream at an elevation 
of 720 feet (aneroid) ; and again, on the same road just south of 
Franklin and above the point where a “ dug road ” comes in from 
the northeast, there are low, flat ridges sloping westward at an 
elevation between 700 feet and 800 feet (aneroid reading dis- 
credited). These are the only exceptions I noted to the general 
absence of water levels on this hillside above 570 feet, and these 
cases are of the discontinuous kind which may be attributed to 
temporary conditions attending the drainage along the margin of 
the ice sheet as the front retreated from the northern slope of the 
hill. 

Dr Gilbert, in his manuscript notes, records a well marked beach 
on the road from Covey hill to Vicars at an elevation of 450 
feet. He states that he noted ridges above that level, but that 
they lacked the element of horizontality and were hence thrown 
out of the evidence he sought for the determination of the upper 
marine limit. 

In going over the hill to the west and down the road toward 
Stockwell, a shelving terrace is encountered at 580 feet which 
drops off in the form of a low cliff to a shelving flat, which joins 
the cliff base at 570 feet. No signs of water action in the way of 
waterworn pebbles are noticeable, but some form of erosion has 
evidently taken place at this level. Going farther down this road, 
the till is cut back in the form of a good bench with a cliff. The 
road from Stockwell to Franklin Center rung on this bench at 


PLEISTOCENE GEOLOGY OF MOOERS QUADRANGLE 45 


an elevation of about 540 feet (aneroid). This is the highest of 
a ‘group of strongly developed benches which can be traced along 
the northern base of Covey hill for several miles. Their surfaces 
are frequently strewn with coarse angular blocks of sandstone, 
though half a mile east of Stockwell postoffice a bar at 520 feet 
shows coarse, waterworn material. Gravelly beaches begin in this 
direction at 450 feet. Above this line the materials are coarse 
stones. The road follows the upper ridges at least as far as 
Rockburn. 

At Franklin Center, as indicated on the adjoined sketch map, 
which is designed only to show the general orientation of the 
roads, the 570 foot bench with a cliff cut in the till is distinctly 
shown. North of the main road is a succession of beaches and 
ridges down to at least 396 feet. All readings are aneroid com- 
pared with the top of Covey hill. First and just north of the 
crossroads is the crest of a bar at 480 feet, with waterworn 
pebbles on the base of the beach slope at 450 feet. At a slightly 
lower level and farther north is a weak beach ridge. North of 
the crossroads there is a beach ridge 430 feet at top, with water- 
worn gravel down its northern slope to 400 feet. This beach is 
confronted by a flat whose surface is at 396 feet. The upper stony 
ridges become stronger and more distinct toward Rockburn, 
beyoud which point within Canada I have made no attempt to 
trace them. 

Dr Gilbert, in his manuscript notes, placed the upper marine 
limit at Covey hill at 450 feet. With this decision I agree. 

Taking the 450 foot line as the upper marine limit at Covey 
hill, the rude terraces above that level would appear to be of 
the nature of stream cuts partly made in the till of the hill- 
side at the time the ice front still pressed against the base of 
the hill. As soon as the ice began to melt back from the hill 
the water which had been heretofore forced across “‘the Gulf” 
spillway would find a lower pathway about the northern base 
of the hill and thence into the Champlain valley. The rude 
beach deposits along the international boundary on the Mooers 
quadrangle from 540 feet downward to and even below the 500 
foot contour line are the local equivalent of this state of affairs, 
but there probably was open water in that field. 
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Accepting the evidence at Covey hill for placing the upper marine 
limit at 450 feet, it would further appear that the beaches in 


this region above that level are those of a glacial lake. The 


evidence found in the southern part of the Plattsburg. quad- 
rangle about Port Kent seems to indicate that the upper marine 
limit is there to be placed at an elevation not more than 330 
feet above sea level of today. On this basis plate 25 has been 
prepared exhibiting the shore line as it is presumed to have 
stood at the time the sea was at its maximum extension in the 
Champlain valley. This line it will be noted makes an arbitrary 
division of the crowded beach lines in the lower series. 

As stated in another place the marine shells which occur near 
Mooers at 340 feet, and on the Saranac above Plattsburg at 
approximately the same elevation, 342 to 346 feet, prove that the 
sea stood as high as 340 feet at least over the northern part of the 
district. It is to be presumed that shells may be found as high as 
the marine limit in beach deposits. As yet shells have not been 
reported in the beaches of this district. 

The upper marine limit as here placed coincides with a tilted 
plane passing through the 450 foot beach at Covey hill and 
just above the 550 foot marine shell deposit on Mt Royal. 
This plane intersects the delta of the Big Chazy at Mooers 
Forks, and the heavy beaches south of Sciota [pl. 18-21] at about 
400 feet; it also passes beneath the rock cliffs from the waste of 
which these beaches are in part built [see pl. 22-24]. 


Marine invasion 


It has long been known that on the disappearance of the ice 
sheet from the St Lawrence and Champlain valleys the sea cov- 
ered the floors of these valleys at least as high as the localities 
at which marine shells have been found in the clays and sands 
laid down at that time. Opinion has differed among geologists 
only as to the depth to which the land in various parts of this 
portion of the continent was then submerged. The character 
of the fossil shells, the fact that many of the species are 
still living in the St Lawrence gulf or in the adjacent waters 
of the Atlantic coast show that these animals found their way 
into the Champlain valley from the north or northeast. The 
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fossil shells are found along the New York side of Lake Cham- 
plain at least as far south as the ruins of the old French fort 
on Crown Point peninsula. The marine waters probably ex- 
tended as far south as Whitehall; and as will be shown in 
another report on this special subject that there was no connection 
by the marine waters southward through Wood creek with the sea 
at the mouth of the Hudson river at this time, the land on the 
south being elevated very much in the same proportion as the land 
in the upper St Lawrence valley was depressed below sea level. 


Marine deposits 

There is difficulty in distinguishing the marine deposits of 
this area from those made by the waters of the glacial lakes. 
The sole satisfactory local criterion is the presence of marine shells 
or other fossils in the oceanic series. As already indicated 
these deposits occur in the low grounds. On plate 25 the 
shaded area shows the horizontal extent of the marine deposits 
according to the determination of the upper marine limit which 
has been made in this report. In general the marine deposits 
on this area are stony modifications of the glacial deposits, 
largely modified till, worked over by waves and currents. The 
effect of wave action has been to arrange the drift in the form 
of beach ridges, and waves and currents together have produced 
bars of gravel or flats of sandy materials frequently changing 
to gravels or coarse, bouldery deposits. The accompanying map 
[pl. 26] is not made to show the distinctions between these 
various phases other than to delineate the recognizable beach 
ridges. Here and there a plain of sand or gravel marks the 
delta of a stream as at Mooers and Mooers Forks. The deposits 
of undoubted marine origin within the area are only a few feet 
in thickness. Some parts of the submerged area exhibit morainal 
deposits apparently without alteration as north of Mooers and east 
of Sciota. The finer waterworn deposits are best developed along 
the courses of ‘the streams and are thus to be regarded as 
rehandled detritus alternately deposited in deltas and thus car- 
ried downward about the mouth of the stream as the land rose 
above the sea. 
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Deltas at old sea margins. The larger streams have at certain 
levels well marked deposits of gravel and sand along their courses, 
evidently deltas built during the time of submergence. 

The English river exhibits such a deposit about 2 miles north- 
west from Mooers Forks. The stream now makes a turn about 
the northwestern margin of this deposit. At one time, the stream 
passed to the east of the delta making a deep trench shown by the 
contours on the map. : 

The Big Chazy river has a small delta above Mooers Forks 
mainly developed in the triangular area between this stream and 
its north branch. The sands of this deposit extend up the valley 
to about 500 feet above sea level. Along the eastern margin of the 
delta from 400 feet to about 440 feet the surface is faintly marked 
by beach and wave-cut lines. 

At Mooers there is another delta on the Big Chazy, whose sur- 
face is at 280 feet. 

Bullis brook exhibits a slight delta at 300 feet on the south of 
Mooers and Shedden brook, also has a slight delta at about 280 
feet elevation. 

The small streams on the south to the limit of the map show no 
marked signs of their former local entrance into the sea. 

Clays. The area mapped on this quadrangle lies mainly to the 
west and above the typical zone of marine clays which borders the 
present shores of Lake Champlain. The clays however appear 
along the course of Big Chazy river at Perry Mills in the north- 
east corner of the area and are said to underlie some of the 
Swamps in the low grounds, probably as high as the 240 foot con- 
tour line in the region north and east of Mooers. Clays also ap- 
pear in the banks of Bullis brook near its junction with the Big 
Chazy river. There is another locality on the north bank of 
the river about 14 miles east of Mooers. At this locality clay has 
been worked in recent years in a small way for brickmaking. The 
clay is decidedly sandy and is overlain by sands representing the 
outer margin of the Mooers 280 foot delta, a deposit of which the 
clays are probably an essential part. They are not generally 
exposed at the surface west of Perry Mills. For an occurrence of 
early stratified pebbly clays see note on p. 53. 
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Marine fossils. Postglacial marine fossils were found during 
the course of this survey at only three points within the area of 
the map. The excavations made for the State road from West 
Chazy to Sciota in 1903 gave numerous shallow sections in the 
beach grayels between the 800 foot and 400 foot contour lines, but 
no fossil shells were seen in several thousand feet of such expo- 
sures. A few shells of Macoma groenlandica were found however 
in a borrow pit in the sand hill on the west bank of Tracy brook, 
where the road crosses that stream at 300 feet of elevation. 

An excellent exposure of fossiliferous sands and some clay 
was found at the bend of the Big Chazy about 14 miles 
below Mooers Forks. The marine deposits here rest on an arena- 
ceous boulder clay without the interposition of barren sands or 
clays which might be attributed to a glacial lake. The deposits 
are exposed on the west side of the neck of land near a large out- 
crop of the Potsdam (Saratogan?) sandstone lying in the middle 
of the stream. The bank is gradually receding here under the 
attack of the river. At about 340 feet above tide, 3 or 4 feet of 


fine marine sands, including a thin, underlying clay, contain nu- 


merous shells of Saxicava rugosa, Leda arctica, a few valves of 
Yoldia sp., and shells of Balanus sp. Many of the molluscan shells 
show both valves in the attitude of growth. The deposit is over- 
lain by coarse gravels, evidently a part of the old river bed when 
the Chazy flowed at a higher level. 

Fossil shells, apparently Macoma groenlandica, were also seen 
in a trench in gravels at a house by the spring west of the school- 
house which stands about 1 mile west of Perry Mills, at about 
300 foot elevation. 

Mr William D. Stevenson, United States customs officer at 
Mooers Junction, stated that some 15 years ago he saw shells taken 
from a well on the McDowell place at the depth of about 8 feet. 
This locality is at the railroad junction, where the surface of an 
ancient delta of the Big Chazy is approximately at 280 feet. 

The lack of recent excavations prevented undoubtedly the find- 
ing of shells in many parts of the low ground along the eastern 
part of the area. 

Just over the international boundary, north of Mooers Junction 
and about 14 miles south of Hemmingford, Can., at an 
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elevation determined by the aneroid barometer to be 270 feet, 
abundant shells of Savicava rugosa were found in a fine state of 
preservation in gravel at depths from 18 inches to over 3 feet 
below the surface. Many of the shells were standing in attitudes 
of growth in the spaces between the pebbles. The deposits were 
very rudely stratified. 

The discussion of the bearing of these and other shell deposits 
on the New York side of Lake Champlain is given in full in my 
report on the marine submergence. 


RECENT CHANGES 

Since the glacial deposits were strewn over this district and 
the old shore lines marked out by waves, it is evident that the 
land has risen in relation to. the sea. According to the data 
gathered in this survey, this elevation amounts to about 450 feet 
along the international boundary, being somewhat less in the 
southern part of the area because of the tilting to the south. 
There are reasons for believing that this change of level is still 
in progress but no local evidence of it has been observed. 

The exposure of the rocks to the atmosphere in postglacial time 
has produced a slight amount of weathering and consequent dis- 
integration. In many places over the flat rock spillways the 
Potsdam sandstone has broken down, affording loose white sand 
or white quartz pebbles but always in very small quantities. A 
more noticeable effect in this area has arisen from the action of 
frost in prying. loose the angular joint blocks or slabs of the rock. 
On the whole the drift strikes an observer from the southern part 
of the glacial field as little altered by weathering but the resistant 
character of the Potsdam sandstone which forms so large a part 
of the coarse material tends to highten this impression. The 
amount of work done by glacial torrents and by waves gives in this 
region a far longer vista of late glacial and postglacial time than 
does the degree of weathering. 


Streams and stream deposits 
All of the streams of this quadrangle, except the brooks flowing 
down the south slope of Rand hill in Beekmantown, discharge 
across the zone of abandoned and elevated beaches. The courses. 
of the streams thus present that irregularity which arises from: 
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Plate 19 


Looking east over the coarse beach ridges built along the shore south of the Sciota cliff 
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Plate 22 


Abandoned sea Cliff in Potsdam sandstone, 2 miles south of Sciota, showing 
blocksfallen from cliff. Looking west 
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Sketch map of Mooers quadrangle showing extent of submergence beneath 
the sea (horizontally lined). The curving lines in submerged area 
represent beaches and bars made during the regression of the sea 
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their having been extended from low to lower grounds with the 
recession of the ice to the northeast and the withdrawal of stand. 
ing bodies of water from the ancient shore lines. The streams 
have thus been compelled to find their way from point to point by 
flowing over and out through the lowest path in the surface 
materials. The head waters of the north branch of the Big Chazy 
and the English rivers appear to flow in rock valleys older than 
the last ice epoch. 

The 500 foot delta on the north branch of the Big Chazy river 
received contributions from both of these streams. By a shallow 
trench about 34 of a mile in length the English river might now 
be diverted into the north branch of the Big Chazy river across 
the upper part of this delta. Two miles northwest of Mooers 
Forks, the English river has cut its channel around the north- 
western margin of what was probably a delta at the 420 foot local 
water level. First the stream appears to have escaped eastward 
by a dissection of this deposit. 

The Big Chazy river also exhibits evidence of having shifted its 
course during the changes of level which have raised the old ocean 
bottom above the sea level. From Thorn there is a broad stream 
channel from 20 feet to 40 feet deep, leading northeastward to the 
Sperry brook depression about half a mile west of Mooers Junc- 
tion. The contours of the map fail to show this channel. At 
Thorn the bottom of the channel is about 20 feet above the present 
bed of the river. When this channel was used, the Big Chazy 
must have flowed north of Mooers Junction along the northern 
side of the 280 foot delta at that place. 

The river appears also to have flowed temporarily along a course 
half a mile north of its present channel at Mooers Forks, as is 
shown by the swampy channel north of the railroad curve near 
that place. 

In many places as on the road along the eastern bank of the 
river from Altona to Wood Falls, the Big Chazy river bed, with 
characteristic torrential deposits, extends widely on either side 
of the present channel. The same remark is applicable to por- 
tions of the north branch of the river and to the English river. 
The streams are evidently in the process of lateral shifting, 
and at the same time they are sinking deeper into the drift 
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deposits over which they flow. In several places, as at Wood 
_ Falls, the rivers have become fixed in rock gorges; in other places, 
where recent shifting has caused them to cut deeply into the 
banks, the streams are on or near the bed rock and are soon likely 
to become fixed in their course. The bank at the sharp bend 
between Thorn and Mooers Forks on the Big Chazy is being 
undercut on the north side, but the stream is here partly on bed 
rock. 

Bovington brook, near West Chazy, presents a good example of 
a small stream which has been extended as the land rose above 
the old water levels with their beach barriers. At about 450 feet 
the stream passes by a small cut through a barrier beach thrown 
across its path. Corbeau brook, where it traverses the beaches on 
the 400 foot contour line, has swept these deposits away for several 
yards south of its present channel. 


Wind-blown sands 


Wind-blown deposits of sand in the form of ancient dunes of 
small extent occur south of the Big Chazy river in the southeast- 
ern corner of the town of Mooers at an elevation between 240 feet 
and 260 feet above sea level. They appear to have accumulated 
from the deflation of the surrounding sandy tracts. Two such 
areas of blown sand are shown on the map. That on the bound- 
ary line between the towns of Mooers and Champlain is the more 
conspicuous dune; it has been resorted to as a source of fine sand. 
Except for the blowing of sand about the artificial openings in 
the soil covering of the deposit, the sand appears not now to be 
blowing, and it does not seem likely, with the generally thick grass 
coating of this region, that these deposits will prove detrimental 
to farm lands by their extension. 

Dunes have not been recognized in association with the ancient 
shore lines at higher levels within the area, nor are ancient or ex- 
isting dunes observable about the sandy deltas along the Chazy 
river and its branches, 

«Swamps 

The fresh-water vegetal accumulations within the area are ex- 
tensive, particularly in the low grounds and as narrow strips be- 
tween and behind the low gravel and shingle ridges in the zone 


PLEISTOCENE GEOLOGY OF MOOERS QUADRANGLE 53 


of beaches. Besides those shown on the map there are scores of 
Darrow swampy strips too small to be mapped. Considerable 
tracts belong to the group of wet woods rather than swamps. 
About 1 mile east of Wood Falls there is a depression occupied by 
a dense growth of tamarack with the usual swamp conditions. 
Shallow swamp growths margin many of the streams in northern 
Altona and Mooers; particularly are these swamps noticeable at 
the elevation of 500 feet. Abandoned stream beds also give rise to 
small narrow swamps, as in the example parallel to the Rutland 
Railroad tracks northeast of Mooers Forks. ; 

Most of the larger swamps in the low grounds appear to occupy 
the broader depressions in the old sea bottom, where the slopes are 
too gentle for the existing streams effectively to drain the area. 
Whether or not the tilting of the district in postglacial times has 
had any effect on the formation of swamps, does not appear from 
an examination of their development in relation to north and 
south flowing streams. The fact that the smaller swamps are 
mainly shallow, and that they exhibit the habit of climbing the 
slopes of stream bottoms, offsets perhaps the effects of a displace- 
ment of the surface. It should be noted however that a large 
swamp tract appears along the course of the Big Chazy river on 
the eastern border of the area mapped just where the river turns 
to a northward course. The valley is broad and open here and 
becomes narrower near Perry Mills. “ 

Peat. The swamps on this eastern margin in the town of Cham- 
plain, including a large one on the adjacent Rouse Point map to 
the eastward, are said to be underlain by extensive peat deposits. 


SUMMARY OF PLEISTOCENE HISTORY OF THE AREA 

Definite traces of glaciation anterior to the latest or Wiscon- 
sin epoch have not been recognized. Earlier glacial deposits 
might well have been scoured away in a region which received 
the brunt of ice action as the Wisconsin ice sheet pressed on 
and rose over the northern slope of the Adirondacks. A small 
deposit of very fine grayish sandy clays, with whiter bands of a 
more silicious character in the north bank of the Big Chazy, 
about 1 mile above Mooers Forks and now overlain by boulder 
clay is the only as yet discovered deposit intermediate in age 
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between the clearly recognizable Wisconsin drift and the ancient 
Paleozoic rocks. These clays are evidently nonglacial, but whether 
they are Pleistocene or not is undetermined: The clays contain 
Potsdam pebbles up to 3 inches in diameter, of angular shapes and 
free from striae of any sort. Floating ice appears to be demanded 
for the distribution of such pebbles in stratified clays, and it is 
possible that the deposit is Pleistocene in age. The top of these 
clays is approximately 400 feet above the present sea level. 

The principal surficial glacial deposits of the region pertain 
to the latest stages of the ice sheet and were formed at a time 
when the country to the southward was free from ice. They are 
undoubtedly contemporaneous with many of the deltas and lake 
beaches about the southern borders of the Adirondacks, and 
with the water levels in the upper Hudson valley. 

As the ice front receded from the foothills of the Adirondacks, 


recessional frontal moraines were formed, and, when the ice had_ 


receded far enough to permit of the existence of northward flowing 
streams having a considerable volume of water, this drainage 
as well as that from the ice became organized in torrential 


streams, escaping along the ice margin toward ‘the east into - 


a glacial lake covering the site of the present Lake Champlain. 
These waters flowed across the “ flat rock ” or spillway at “ the 
Gulf” on the international boundary. As the ice retreated, but 
before it retreated from the north slope of Covey hill, it seems to 
have opened a passage just north of the boundary and east of “the 
Gulf,” so that. the waters passing through “the Gulf” for 
a time entered a glacial lake near the mouth of “the Gulf.” 
Eventually the ice melted out from the St Lawrence valley so 
as to permit the ingress of sea water, whereon strong wave 
action took place at what is now an elevation of 450 feet on 
the north slope of Covey hill. Southward wave action is found 
above and below this limit. That above is referred to a glacial 
lake, that below mainly to the sea. On the Plattsburg quadrangle, 
to the southward, there is a cliff with strong delta building at 
about 3830 feet, phenomena which are taken to mark the marine 
limit at that place. The marine limit fixed in this manner is inter- 
preted to indicate a rise of the old sea level on the north at the 
rate of 4.41 feet to the mile. This would place the marine limit on 
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the northern margin of the Mooers quadrangle at about 450 feet: 
and on the southern margin of the area at about 370 feet. 

Such a tilted plane agrees very closely with the rate of falling 
off in elevation of the fossil shell localities from Montreal to 
the southernmost localities known on the New York shore of 
Lake Champlain. 

The land in this district was at an undeterminable elevation 
during the time it was ice covered. When the ice began to 
disappear from the region a glacial lake formed along its front 
in the Champlain valley and it is evident that the land in the 
southern part of the State was higher than it is now in relation 
to the Champlain district. During the existence of this glacial 
lake, changes of level apparently were in progress, but they can 
not well be discussed without more detailed reference to the glacial 
retreat on the south than can be given in this local report. 

After the sea came in from the north, the land at least began 
or perhaps continued to rise gradually, causing the sea to 
retreat from the area. As the land rose, the streams extended 
their courses, building noticeable deltas at particular levels; 
and gradually the existing state of physical features of the area 
was established. There are some reasons for believing that the 
changes of level are still in progress, though no local measure- 
ment of such a movement has been detected. 

The general discussion and a more complete account of the 
glacial lakes and the marine submergence in this area and 
throughout the Hudson and Champlain valleys will be found 
in Museum Bulletin 84. 


EXPLANATION OF THE MAP OF THE MOOERS QUADRANGLE 


The southwestern part of the Mooers quadrangle everywhere 
above the elevation of 900 feet, and in many places from about 
700 feet upward is more or less thickly coated with typical till, 
here and there taking on a hummocky aspect where thickened 
in the manner indicative of recessional moraines. There is but 
one stratified sand deposit in this field, that near Alder Bend. 

The mapping of the general sheet of surficial deposits below 
the limits of this clearly demonstrable unmodified glacial drift 
must be regarded as provisional. After the work was begun 
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what at first sight on the basis of long familiarity with glacial 
drift in other districts was taken to be unaltered glacial till 
was ascertained to be till partly modified by the action of 
waves or currents. Thus near Norwood, on the west of this 
field, marine shells occur at the depth of over 2 feet in what at 
the surface has all the appearance of glacial till, but which in 
section shows that it must be regarded as a rubbly layer worked 
over without distinct stratification or even rounding of the con- 
stituent rock particles. Usually the action of the sea on these 
stony tills has been to leave the surface of the deposit strewn 
with many small blocks of rock, which appear to have accumu- 
lated on the surface as the result of the washing away to lower 
grounds of the finer sands and clayey particles of the superficial 
layer in which the stones were originally embedded. The larger 
glacial boulders are seldom moved far and often project from the 
soil as in the case of ordinary till areas. 

The area mapped as “ Undifferentiated glacial deposits super- 
ficially worked over by waves and currents” is of the above 
described character. Beach lines, and bars of wave-heaped rub- 
ble are common in the district as shown on the map. This belt 
rises to a somewhat higher elevation on the southern border of 
the area than it does on the north. 

Lying above this wave-modified district there are in the north- 
western part of the area very similar deposits only Jess distinctly 
reworked except along certain ancient water levels. The distinc- 
tion between the two areas is difficult to make and there are 
large areas in both fields which I am sure are identical in topog- 
raphy, in composition of the drift, and in structure; yet one 
distinctly gets the impression in passing from the low grounds 
to the upland portion of the district on going above an elevation 
of from 450 to 500 feet, that he is passing from a zone of largely 
water-laid materials to a region of till. The demarcation in 
the field between these two areas of more or less modified deposits 
is usually very vague. I have drawn it on the map at about 
500 feet in elevation in the northern part of the map because 
above that line the chief characteristic of the lower belt of mater- 
ials—the presence of beaches—is usually wanting. 
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Another plan of mapping would have placed the area covered 
by glacial lakes under one color and that later covered by the 
sea under a different color but this would have resulted in an 
equally arbitrary division of the deposits of the area. 

The pattern for beaches and bars has been applied equally to 
the belts of rounded pebbles and angular stones, to the coarse 
bouldery deposit of Cobblestone hill and the sandy beaches. 
Some of the lines of supposed water level above the 500 foot line 
in the northern part of the area are also marked by the same 
pattern and color. 
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PREFACE 

Several years ago a preliminary study of the Hudson-Cham- 
plain valley excited my interest in the historic problems involved 
in its Quaternary geology. The contributions published at that 
time were recognized as a very imperfect presentation of the sub- 
ject and the importance of more extended and detailed investiga- 
tion was strongly felt. Therefore, as soon as an opportunity was 
afforded in the service of the State, the aid of an expert in Pleis- 
toeene geology was invoked to take up the inquiry in detail and 
carry it to a conclusion. We had the good fortune to secure the 
services of Prof. J. B. Woodworth of Harvard University and he 
has carried out this plan with thoroughness while Dr. G. K. 
Gilbert has kindly given the use of his notes, based on several 
seasons of work in the St Lawrence valley. The following report 
is, therefore, a summary of Professor Woodworth’s results 
obtained from 1900 to 1903, prepared after extended consultation 
with Mr Gilbert. While much thorough work has been done, the 
area is so vast and the details so complex that the report can not 
be regarded as final, specially many details of evidence lie beyond 
the national boundary. It is, however, certain that many import- 
ant observations have been made, the conclusions from which con- 
stitute a substantial addition to our knowledge of Pleistocene 


geology. 
FE. J. H. Merrivu 


INTRODUCTION 


This report relates to an area whose Pleistocene history, though 
among the earliest to attract attention in this country, has re- 
mained but vaguely known and has been often interpreted as 
supporting contradictory views. The prevalence of clays in the 
Hudson valley and the occurrence of terraces early led to the 
general conception of its having been a marine strait connecting | 
the St Lawrence valley with the Atlantic on the south during the 
Champlain period of Dana’s chronology, and of its elevation and 
denudation during the succeeding Terrace epoch of that geologist. 
Of late years the very considerable enlargement of our knowledge 
concerning the diversity of the glacial period and the recognition 
of the manner in which gravels, sands and clays associated with 
retreating ice sheets have been laid down have so far modified 
earlier opinions concerning the history of other fields, that the 
state geologist, Dr F. J. H. Merrill, decided to undertake a survey 
of the glacial deposits of this region for the purpose of obtaining 
the information which it might give. One of the most important 
questions which it seemed the region might be expected definitely 
to determine is that of the extent of the marine submergence 
which followed the withdrawal of the ice sheet from the Hudson 
and Champlain valleys; to the solution of this question the data: 
set forth in this report are mainly contributory. 

For the better understanding of the conditions of deposition of 
the glacial deposits the physical geography of the region anterior 
to the last ice advance is briefly set forth, so far as it is at present 
understood. To a limited extent the phenomena of the adjacent 
regions in New England, New Jersey and Canada have been taken 
into consideration where they appeared to throw light on the 
problems of this district. 

The investigation has been carried on for the most part as a 
reconnaissance of varying degrees of detail with reference to the 
main problem in hand, points being sought for examination which 
promised to be of critical value. It will thus appear when. the 
areas are mapped in detail that many interesting and perhaps 
important facts have not been seen. It should be stated that the 
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work began at the mouth of the Hudson and was carried north- 
ward. At the beginning of the work in the Hudson valley the 
contoured maps were relied on for obtaining the elevations of the 
deltas and terrace deposits; later in the Champlain valley the use 
of the aneroid barometer was availed of in checking data of the 
same sort and for getting elevations where this mapping has not 
yet been extended. More precise and satisfactory methods of 
measurement would have more than doubled the length of time 
which the work has taken. The field work was mainly done 
during the summer seasons of the four years from 1900 to 1903 
inclusive. ; 

After work in the Champlain valley had been begun by the 
writer, Mr G. K. Gilbert of the United States Geological Survey, 
who had previously made an examination of the country from 
Lake Ontario around the northern slopes of the Adirondacks into 
the Champlain valley as far south as West Chazy, generously 
offered to the author through the state geologist the results of his 
investigation. I have made the freest use of these notes both in 
the search for localities and as a check on my conclusions, and 
particularly have I been guided by Mr Gilbert’s observations and 
conclusions in regard to the fixation of the marine limit on the 
northern side of Covey hill in Canada. The placing of the marine 
limit from that point southward, however, is entirely on my own 
responsibility and this distinguished geologist is in no way 
involved in any mistakes which I may have made in my endeavor 
to determine the extent, the elevation and the degree of tilting 
of the ancient water levels described in this paper. In this report 
no use has been made of the data from the northwestern slope of 
the Adirondacks other than to include a record of the fossil shells 
found near Norwood, N. Y. Special acknowledgments are due to 
Dr F. J. H. Merrill, who has in many ways both in the field and 
in the office contributed to the work of the author. I have also to 
thank the officers of the Geological Survey of Canada for numer- 
ous kindnesses in the granting of information and euidance, and 
to Prof. A. P. Coleman for giving me the advantage of his greater 
experience with ancient shore lines by personally visiting with me 
some of the critical areas of northern New York. 


Chapter 1 


PHYSIOGRAPHY OF THE HUDSON AND CHAMPLAIN 
VALLEYS IN RELATION TO THE CONTROL OF GLACIAL 
PRODUCTS 

PHYSIOGRAPHY OF THE HUDSON VALLEY 


The valley of the Hudson river, from the point of view of the 
stream bearing that name, is a geographic group of- drainage 
slopes whose axial trough, if we except the Adirondack portion 
of the river, has a nearly north and south direction, traversing 
a geologic area of variable structure formed of rocks of widely 
different ages in its various parts, and having different degrees 
of topographic development. The order and structure of the 
rocks of its valley have long been portrayed on the geologic maps 
of the State, and the contour of the land forms bordering the 
river are now faithfully delineated on topographic maps, but the 
precise history of the origin of this river has not been determined. 
The reader must, therefore, be content with a statement of the 
main facts in the form and cross-section of this valley and it is 
important that these features should be understood in following 
any attempt to unravel the Pleistocene history of the valley, 
particularly in relation to its occupation by the last ice sheet 
and to the retreat of that ice from eastern New York and the 
subsequent invasion by the sea of at least the neighboring Cham- 
plain valley. 

For the greater portion of its length, the Hudson valley con- 
sists of a gorge within a valley. Both the valley and the gorge 
vary so greatly in minor detail from point to point that it is desir- 
able first to generalize the parts in which the y alley, as a whole, 
has something like a characteristic geologic and geographic ex- 
pression. From this point of view there are four longitudinal 
divisions of the Hudson valley each with a landscape somewhat 
peculiar to itself, 

Longitudinal divisions of the Hudson valley. 


The four Segments 
of the Hudson valley 


above referred to comprise two regions of 
mountainous relief and two of lowlands, one of the latter being 
relatively roughened by somewhat advanced dissection. 
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The first of these segments, including the source of the river, 
embraces the course of the Hudson within the Adirondack region, 
which part, for convenience of description, will be called the 
Adirondack-Hudson river. It is a region of the most ancient - 
rocks in the State and of the highest relief. With this stream, 
this report is only incidentally concerned. 

The second segment includes the river from its point of emer- 
gence from the southeastern base of the Adirondack mountains 
to the northern portal of the Highlands in Dutchess and Ulster 
counties. It is a lowland region of ancient Paleozoic strata. It 
is divisible into two segments for convenience of treatment, an 
Upper and Middle Hudson yalley. In this report the Upper Hud- 
son is meant to include the valley from the head of tide and the 


Fig. 1. Early Cenozoic stage of the Hudson valley. The river is at or near base level; 
it has widened out the rock bottom of its valley to form a narrow plain 2 to3 miles wide. 
The stream is probably meandering and more or less alluvium sheets over the bed rock. 


recent delta of the river near Troy to the base of the Adirondack 
mountains. The term *Middle Hudson applies to the valley from 
the head of tide to the northern edge of the Highlands. 

From the point of view of the Pleistocene deposits which the 
Upper and Middle Hudson valleys exhibit the region may be 
divided into (1) the Fort Edward district on the north, in which 
the history has several features in common with the Cham- 
plain valley on the north; (2) the large tract in which 
both banks of the river are bordered by the newer brick clays from 
immediately south of Fort Edward to probably the vicinity of 
Rhinebeck; (3) the Poughkeepsie district, in which the latest clays 
are wanting, extending from somewhere north of Staatsburg and 
the southern limits of the Albany clay district as far south as the 
mouth of Wappinger creek and the northern part of Newburg, 
where older clays begin to be heavily developed; (4) the Newburg 
district, extending from the last southward to the Highlands. 
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From the point of view of the larger features of relief, this 


second segment of the Hudson valley is marked by the two great 


valleys into which it opens on the west along the strike of the 
Hudson shales and sandstones, the one in the valley of the 
Mohawk between the Adirondacks and the Catskills on the north, 
and the other that of the Walkill between the southeastern border 
of the plateau region and the Highlands on the south. 

The third division, the shortest of all, comprises the Highland 
canyon of the Hudson. It is a region of moderately high relief, 
comparable in geologic structure to the Adirondack region. This 
portion of the river valley will be referred to as the Highland- 
Hudson. 

The fourth segment of the river includes the region south of 
the Highlands to the sea. It is a region of ancient and meta- 
morphic Paleozoic rocks on the east and of mainly Triassic rocks 
on the west. It may for convenience be known as the Lower 
Hudson. 

For geologic reasons it is convenient to recognize in an ancient 
now Submerged channel traversing the continental shelf to the 
southeastward of New York harbor a possible fifth segment of the 
Hudson valley, which may be termed the Submarine Hudson, but 
to what extent this is excavated in bed rock is not known. 

At the northern border of the Fort Edward district, two nar- 
row defiles unite the Hudson valley with that of Lake Champlain ; 
one of these is occupied by Lake George; ithe other, the valley of 
Wood creek, directly drains the northern half of the Fort Edward 
district into the Champlain valley. 

The divide between the Hudson waters and those of Wood 
creek east of Fort Edward is 147 feet above sea level. A depres- 
sion of 200 feet in the region between Albany and the St Law- 
rence river would convert the Hudson and Champlain valleys 
into a navigable strait having a depth sufficient for the largest 
vessels. A depression of 150 feet at Fort Edward and northward 
over the region to the St Lawrence and an elevation of an equal 
amount at New York city would reverse the flow of the Hudson 


in. the lower, middle and upper sections and turn the drainage 
into the St Lawrence gulf. 
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Gorge of the Hudson. The Hudson river flows in a gorge of 
more recent age than its valley proper. The gorge, widened out 
into a well opened valley in the region of the Tappan Sea, is usu- 
ally elsewhere steep sided, and throughout the middle and upper 
segments of the river it has a singularly uniform width and hight 
of wall above sea level. From the head of tide near Troy the rock 
floor of this gorge is, except for a few islands, below sea level, 
thus converting the river from near Albany to the sea into a fiord. 
As this portion of the floor of the gorge is now and has been for 
some time in the past receiving sediments, its exact depth below 
Sea level is not known. 

Beginning on the south, this gorge is believed to be traceable 
seaward in the so called submarine extension of the Hudson. Be- 


tween the 100 and 300 foot fathom lines, the outer, deeper part of 


Fig. 2. Late Cenozoic stage of the Hudson valley. The river with the surrounding 
region has been uplifted an undetermined hight above its old base level; the river has 
cut a deep gorge to or near the new base level; the side streams have cut lateral gorges, 
and the surface of the rock terraces has become roughened by incipient dissection. 
Approximate pregilacial condition of the Hudson river valley. 


the gorge attains a depth of 452 fathoms. If the view be accepted 
that this part of the gorge has been excavated by the river when 
the land was higher than it now is, it is necessary to admit that 
the coast has recently stood 2700 feet higher in relation to the sea. 
This elevation, if it can be shown to have taken place during the 
Pleistocene epoch, must have had important consequences in the 
distribution of glaciers and their deposits during epochs of glaci- 
ation and in the work of streams in the interglacial epochs. Not 
only the exact geologic epoch or epochs in which this submarine 
gorge has been excavated is in doubt, but its origin as a subaerial 
phenomenon has been disputed by eminent writers on the subject 
of the topography of the continental shelves of the continents. 
Remarkable examples of these submarine gorges exist on the 
east shore of the Atlantic ocean off the mouth of the Congo river, 
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and in the Gulf of Cape Breton, off the Cote des Landes, France, 
in such relations to submarine-currents as to favor the hypothesis 
that these channels are unfilled portions of the coastal plain kept 


open by currents which prevent deposition along the line of these - 


gorges. What seems to be to some writers an unanswerable con- 
-firmation of this view is the well marked gorge traversing the delta 
of the Rhone in Lake Geneva and that of the Rhine in Lake Con- 
stance. In the case of these lakes it is impossible to assume since 
the modern deltas began to form that the rivers flowing through 
the lakes have by uplift of the lake bottom been enabled to dissect 
their deltas; it is more reasonable to suppose that the configura- 
tion of the outer part of the delta in each case is due to causes now 
in action. Forel notes that the amount of sedimenit carried out 
over the bottom at the mouths of these rivers is too great, and 
that the process has been carried on for too long a time to permit 
any antecedent topography to remain. In his opinion these “ sub- 
lacustrine ravines” are the result of erosion now going on and 
prove the existence of currents in the bottom of the lakes. He 
attributes the excavation to the lower temperatures of the river 
water charged with mud as compared with the tempera- 
ture of the lakes. In the case of the Congo submarine 
channel, Buchanan has noted the occurrence of a lower, inflowing 
salt current in the river preventing in its course the deposition of 
Sediment. Suess claims that in this case it is not so much that 
the canyon has been excavated as that the sediments have been 
laid down either side of it, thus building up the continental shelf 
and leaving a gorge in the path of the inward moving, bottom 
current of sea water.t 

It must be admitted that in the case of the submarine Hudson 
gorge no facts have heretofore been observed on the neighboring 
land which demand in postglacial times so high an elevation of 
the coast as does the gorge itself when regarded as a true river-cut 
gorge. The depth of the bed rock in the Hudson river between 
New York city and the Highlands would be, if known, a much 


*For literature on the subject consult Suess, La Face de la Terre, v.2, 
1900, p.8538-56, with references to papers by Lindenkohl, J. D. Dana, 


G. Davidson, F. A. Forel, Eberhard Graf Zeppelin, Dupare, Delebecque 
and others, 


—————_ 
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_ More accurate index of the elevation of the coast in recent times 


than the measured depth of a channel whose origin is subject to 
Some doubt. _ 

The most important light from the immediate vicinity of the 
mouth of the Hudson concerning high elevation has been presented 
by Veatch! on the basis of borings made in the glacial deposits of 
Long Island. An elevation of at least 250 feet is indicated pre- 
vious to the deposition of the Jameco gravels, beds seemingly near 
the base of the Pleistocene series, but separated from that base on 
Long Island by deposits tentatively correlated with Professor 
Salisbury’s Pensauken group by Veatch. The whole history is 
one of alternating elevation and depression aboye and below the 
present stand of the sea in relation to the land. 

As is frequently repeated in the later pages of this report, the 
submarine Hudson channel makes it possible to admit high eleva- 
tion wheneyer the facts over the land on the north require such an 
interpretation of its history. 

The Hudson gorge from New York city northward is fairly dis- 
tinct, as far as the vicinity of Fort Edward, where it widens out 
into the Fort Edward basinlike district; yet over the floor of this 
basin a shallow but definite rock trench is traceable northeast- 
ward along the course of Wood creek to the head of Lake Cham- 
plain. 

Hudson rock terraces. The excavation of the gorge below the 
floor of the ancient Hudson valley has left well defined rock ter- 
races bordering the Hudson. The terraces and the gorge have 
alike been somewhat modified by glacial action, glacial striae 
being observed very generally along the river banks through the 
whole length of the valley except in such places as recent rock 
falls from the steep bank have exposed new sections of the bed 
rock. 

The elevation of these terraces must correspond approximately 
therefore with the lower levels of the ancient valley floor of the 
Hudson. The following figures represent the present attitude of 
the rock terraces between New York city and Fort Edward. 


*Veatch, A. C: Diversity of the Glacial Period on Long Island. Jour. 
Geol. 1908. 11:762-76. 
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= ELEVATIONS OF THE HUDSON ROCK TERRACES 
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The rock terraces bordering the Hudson gorge are rather uni- 
form in elevation. ‘The terraces are higher now on hard than 
on soft rocks, higher in the Archaean belt of the Highlands and 
southward to Yonkers and over the Palisades than elsewhere; 
lower on the soft Hudson shales and slates and in the region of 
the Triassic sandstones. The lowness of the terrace on the east 
bank between Peekskill and Dobbs Ferry is accounted for by the 
former overlap of the Triassic basal beds in this region; but these 
differences of level are not all accounted for by differential erosion, 
including glaciation and weathering, as between the hight in the 
Highlands and about Yonkers. The terrace hight from Sing Sing 
southward to Kings Bridge appears too high, and in view of the 
rapid falling off of the terrace level in New York city and as 
marked by the decline of the Palisade ridge in Hoboken and 
southward to its pre-Cretaceous level, indicates a local uplift, 
central about Yonkers. 

The narrowness and local absence of the rock terrace within 
the Highlands is to be taken as evidence of the slower or belated 
cutting through the Archaean rocks of that district. The terrace 
is clearly shown, however, at West Point, Highlands Station 
and Garrisons, and appears to have extended through the High- 
lands as the old floor of the Hudson valley, thus indicating the 
existence of a water gap here at a time as remote as the epoch of 
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base leveling in which the ancient floor of the Hudson valley was 
worked out. 
Davis' in 1891 referred the excavation of the Hudson valley to 


Tertiary time and the cutting of the trench in this lowland to late 


Tertiary or a post-Tertiary beginning. 
Rock channels of the upper Hudson valley. The Hudson gorge 


is fairly well defined as far north as Fort Edward by the present 


course of the river. At that point the river falls into this rock 
channel from the west very much as the Mohawk falls into it at 
Cohoes, but the rock gorge is traceable north-northeast into the 
Lake Champlain yalley. 

The divide today between the Hudson drainage and the Cham- 
plain drainage in this gorge lies about 5 miles northeast of Fort 
Edward and is a scarcely perceptible watershed 147 feet above 
sea level. It is owing to this feature that the Champlain canal 
connects the two drainage basins with relative ease and few locks. 
[See the Glens Falls quadrangle for details of the topography] 

The present course of the Hudson from the eastern edge of the 
Adirondacks to Fort Edward is evidently of postglacial origin, 
for the river runs over ledges at Fort Edward, at Bakers Falls, 
at Sandy Hill and again at Glens Falls, dropping from the 300 
foot contour at the edge of the mountains to about 1380 feet at 
Fort Edward. West of Glens Falls the river has sunk its bed 
in meanders into the glacial sands which form a delta made on 
the melting out of the ice which lay in the lowlands in this upper 
part of its valley. These sands thickly cover the bed rock topo- 
graphy. Whether the river in preglacial times flowed southward 
so as to join the Hudson gorge at or below Fort Edward or turn- 
ing to the north just west of Glens Falls and following the valley 
of Halfway creek emptied into Lake Champlain is at present an 
open question, which can only be decided on evidence from bor- 
ings which are at present wanting in this section. 

It is evident that Halfway creek flows in a well defined channel 
but partly filled by the debris-of the last ice invasion [see Glens 
Falls sheet]. 

Ballston channel. From near Schenectady an old rock channel 
trends north-northeastward by Ballston toward Saratoga. South 


1Bost. Soe. Nat. Hist. Proc, 1891. 25 :318-35. 
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of Ballston a stream escapes from this gorge by a narrow defile 
into the circular depression in the bottom of which lies Round 
lake, a body of water which in turn is drained by a narrow 
valley into the Hudson at Mechanicville. This system of channels 
antedates the last ice covering of the district, for portions of the 
region including the flats bordering Round lake are covered with 
glacial boulders. Singularly enough these depressions were not 
filled with the clays of the Mohawk delta stage probably because 
as will be shown later the ice sheet lay over the region while 
these clays were deposited on the east and south. 

The Ballston rock channel is dependent, in part, on structure. 
The Hudson river slates, essentially flat on the east of this trough 
except for small overthrusts, are seen standing vertical within it 
north of Ballston lake. Erosion in Pleistocene time has exca- 
vated the channel along the vertical beds, which are evidently sep- 
arated from the horizontal strata on the east wall of the valley 
by a fault. benezer Emmons! recognized the existence of a fault 
extending southwestward from Saratoga towards Schenectady but 
he makes no mention of the Ballston rock channel. 

Round lake channel. The large circular depression in the bot- 
tom of which les Round lake [see pl.1] opens eastward through 
a narrow valley into the Hudson gorge at Mechanicville. Little 
or nothing is known concerning the real extent of the depression 
in the bed rocks of which this largely drift-masked cavity is a 
part. The Hudson river rocks rise on the west between Round 
lake and the Ballston channel and may be seen in the narrow de- 
file cut by Anthony kill, a stréam which now drains the Ballston 
channel from East Line to the divide south of Ballston lake. The 
plain between Round lake and Saratoga lake is at least in part a 
till-covered surface as about Malta. It seems probable that Round 
and Saratoga lakes are unfilled depressions marking the site of an 
old valley west of the present Hudson gorge. Inthe later develop- 
ment of the glacial lakes in the upper Hudson and Champlain 
valleys the various channels from Fish creek southward through 
the Ballston and Round lake channels probably will be found on 
further study ito have served as temporary waterways at a time 
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when the Hudson gorge from Fort Edward south to Albany was 
not so deeply excavated as it now is. 
Wood creek channel. The yalley of Wood creek, to which 


reference will be repeatedly made in this report, forms at present 


the lowest line of communication between the upper Hudson valley 
and that of Lake Champlain. The divide between these two vyal- 


_ leys lies at an elevation of about 147 feet, near Dunham basin [see 


pl.1s]. It will be noted from the map that the old gorge of the 
Hudson appears to be continued in this direction and that the 
Hudson river above Fort Edward falls into this broad open 
channel along a new path characterized by falls and a much less 
width. As will be noted in a later chapter the Wood creek 


_ channel appears to have been for a time the outlet of a glacial 


dammed lake extending from near Dunham basin northward over 
the site of Lake Champlain. 


PHYSIOGRAPHY OF THE CHAMPLAIN VALLEY 


Lake Champlain appears to occupy an irregular depression ex- 


- eavyated mostly in the lower Silurian and Cambrian rocks corre- 


sponding in this respect to the Hudson in its gorge from Albany 
southward. The present depth of this erosion feature is at least 
500 feet below sea level in the deeper part of the lake. The equiva- 
lent of the rock terraces of the Hudson, or the floor of the older, 
wider valley in which the newer and narrow channel has been ex- 
cavated, is found along the shores of Lake Champlain in a dis- 
sected rock surface as in Essex, along the Vermont shore south of 
Burlington, and widely developed about the northern part of the 
lake. This ancient valley floor is about 300 feet above the present 
sea level. Both this surface and the newer valley excavated in it 
have suffered more from glacial erosion than has the analogous 
topography of the lower Hudson valley. The Wisconsin ice sheet 
pressed into the northern portal of the Champlain valley in a 
strong flowage coming from the northeast rather than from the 
north so that the maximum erosion line must have been thrown 
toward the base of the Adirondacks in the position of the lake 
basin. No facts are at hand, however, to show how much, if any, 
the lake basin was deepened by ice action. Many of the streams, 
such as the Ausable, which now enter the Jake over high level rock 
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benches in lateral valleys owe their present courses to glacial em- 
barrassments. The Ausable has an old valley near Keeseyville west 
of its present course, and the drift filling must be very deep at and 
above Keeseville. 

The deep notches of the Winooski and the Lamoille rivers 
through the Green mountains, draining lowland basins on the east 
of this range, correspond in topographic development with the 
high level valley floors worked out in the Adirondacks, but this 
stage is apparently older than that of the immediate vicinity of 
the Hudson and Champlain valley floors. 


GLACIAL MOVEMENT THROUGH THE HUDSON AND CHAMPLAIN VALLEYS 


The observed striae throughout the Hudson and Champlain val- 
leys, accord closely with the direction of the axis of this great de- 
pression and with the expansion and contraction of the valley 
walls. Throughout the entire district the direction of transpor- 
tation of debris, the arrangement of the glacial deposits, the form 
of roches moutonnées and every feature indicative of glacial 
erosion points conclusively to the general southward movement of 
ice from the broad open northern expanse of the Champlain valley 
southward. 

Along the New York shore of Lake Champlain there is marked 
tendency of the striae to turn southwestward, indicating a move- 
ment of the ice upward over the basal slopes of the Adirondacks as 
the ice became pressed within the narrowing southern part of the 
Champlain valley. At Port Henry this tendency is so marked 
that it may be doubted whether further detailed examination of 
the region back from the lake may not show the existence of local 
glaciers moving down the slope so as to produce the eastwest stri- 
ation seen just south of the town [see p.156]. 

Through the southern arm of Lake Champlain’ the ice moved 
southwestwardly through the defiles of the mountains and out on 
the plain about Fort Edward. This Ssouthwestward movement 
is well shown at Glens Falls where striae have a course 
n. 68° e. Thence the movement was southward through 
the Hudson valley. About Albany the ice appears to have 
backed up in its advance against the Helderberg escarpment on 
the south and west. It has long been known that, in this latitude, 
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the ice pressed ‘southeastwardly over the state line into Massa- 
chusetts. Pressing southward through the Hudson valley the 
Highlands must again have profoundly influenced the movement 

of the ice both in its retreat and in its advance. The ice passed 
through the Highland gorge leaving a characteristic glaciated 
topography in the smoother northern slopes of the high ridges 
which overlook the river and plucking out boulders from their 
southern slopes, thus giving the frowning cliffs which meet the eye 
as one ascends the river. The extension of the lowland developed 
over the soft Hudson slates to the southwest along the northern 
side of the Highlands would have afforded a passage for the ice 
in that direction. The ice passing through the Highlands and at 
the maximum of glaciation over the highest ridges, must have had 
a relatively rapid motion through the lower Hudson valley. ‘The 
axis of this flow passed, as Salisbury has shown by detailed map- 
ping of the striae, to the west of the Palisade border of the gorge 
over the Hackensack lowlands of New Jersey. On the west of this 
line the ice moved southwestwardly over Newark N. J., and on the 
east of the line southeastwardly over New York city to the mo- 
raine on Long Island. 

The form of the valley and the Hudson gorge must have influ- 
enced strongly the retreat of the ice, and many of the glacial de- 
posits, described in the following pages, demonstrate this point so 
clearly that, in view of the light which they throw on the several 
stages of the melting ice as it dwindled away from a complete 
covering of the eastern part of the State to long tongues of ice 
comparable to a valley glacier, it becomes possible to outline the 
history of the retreat in relation to the varying cross-section of the 
Hudson yalley and in regard to the control which the distribution 
of the ice mass exerted on the character and order of arrange- 
ment of deposits made either by the ice in moving debris to its 
margin, or by the streams which built deposits along that margin. 


THEORETIC MODE OF RETREAT OF REGIONAL GLACIER FROM A VALLEY 


Enough is now known of regional glaciers such as that which 
spread from the region north of the.St Lawrence into New Eng- 
land and New York to enable us to depict the general mode of 
retreat of the ice sheet in different districts, having deep meridi- 
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onal valleys on the one hand like that of the Hudson and broad 
uplands or sea border plains, on the other such as occur over cen- 
tral and southeastern Massachusetts. Here we are solely con- 
cerned with a long, well defined meridional valley. 

As the ice front retreats northward there is found evidence of 
its having halted from time to time at certain places long enough 
to build moraines of dumped and shoved material on the one hand, 
and to allow the construction, from the outwash of sands and 
gravels, of deposits of these materials in the form of plains, cones 


and deltas more or less sharply marked on their northern or ice- 
ward aspect by evidence of deposition against or in the presence 
of masses of melting ice. The ice melting out back of such accu- 
mulations, either moraines on the one hand or outwash plains on 


Fig. 3. Succession of glacial deposits during retreat. Theoretic distribution of glacial 
deposits from north to southin New Yorkand New England: A=stage in which a moraine 
has been formed and is confronted by an overwash plain ; B=overwash and outwash plains; 
C=a later morainal stage with outwash sands. 


the other, may have left but a veneer of till or gravel over the gla- 
ciated bed rock. .At an indefinite distance to the northward other 
frontal accumulations will appear marking the next stage in the 
retreat. 

In the case of these deposits the coarsest detritus of glacial 
origin will appear next the ice front of the time in the form of till 
or of coarse gravels and sand; farther ay yay in the direction of 
the flowing waters finer sands will appear and still farther away 
the clays which remained for a time in suspension. The suc- 
cession of deposits will appear as in the above diagram [fig. 3.] 

If the deltas are built in standing water their outer lobate mar- 
gins will indicate the approximate hight of the w 


: | ater plane of the 
time, be it sea level or lake level. 


If building takes place on an 


area from which the waters escape to the sea without ponding 
) 


*>- 
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alluvial fans will form with their outer margin blending indefi- 
nitely with stream level as in the stage numbered C. 

So long as the ice sheet fills the valley and covers its divides, 
terrace building within it is precluded. As soon as the ice has 
retreated it will also have thinned, and the time will come when 
a long tongue of ice fills the valley. Reflectiom of heat from the 
bare rock walls will cause the ice to melt most rapidly on its mar- 
gins. Along these marginal depressions with rock walls on one 
side and ice walls on the other the drainage will escape. Tempo- 
rary lakes may form in this situation whether the ice be in motion 
or stagnant. The situation will then appear somewhat as follows 
[see fig. 4]. 

Into these marginal troughs will be carried sands and gravels 
by side streams coming from the uplands now freed from ice. 


Fig. 4 Cross-section of valley with marginal glacial deposits. Theoretic condition in 
meridional valley back from the ice front when glacial has thinned in the form of a Jong 
tongue of ice or valley glacier: A—maximum development of regional glacier; B=surface 
of the ice at any given stage of thinning during retreat; C--site of lakes and deposits on 
margin of glacier. 


Along these depressions will also sweep the lateral streams. The 


evident tendency will be to build deposits of gravel and sand in 
the presence of the ice as in ordinary stream beds with a slope 
toward sea level, but owing to melting ice with perhaps 
sudden changes of level causing lower and lower stages 
of gravel and sand building toward the mouths of the 


streams. When the ice melts out, these deposits will 
less the form 


The effects 


form terraces with margins reflecting more or 
of the ice sheet against which they were constructed. 
may be reproduced at successively lower levels marking stages in 
the evacuation of:-the valley. These stages should be correlated - 
with frontal moraine or delta stages. Marginal remnants of the 
ice sheet might lie out for some time to be surrounded by gravels 
and sands, thus giving kettle holes and ice block holes in the con- 


temporaneous ice-bound terraces, when the ice finally disappears. 
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In case the sea invaded such a valley during the ice retreat, it 
would control to a certain extent the deposition of washed gravels 
on the sides of the ice tongue but, unless the submergence were’ 
very great as compared with the depth of the valley, local embar- 
rassments to seaward drainage would undoubtedly occur. Such 
embarrassments would arise where spurs entered the valley be- 
tween side streams, or where the ice melted less rapidly, thus 
giving rise to levels of building above sea level. 

Application of theory to the Hudson valley. The peculiar form 
of the Hudson valley, its rock benches or terraces inclosing a deep 
gorge, and the Highlands through which the river passes by a nar- 
_ row defile with a constricted development of these benches, must 
have affected in a marked manner in its different sections the 
mode of retreat of the ice margins and consequently the distribu- 
tion of the sediments laid down in the presence of the ice. First 
the north and south depression through the Highland section 
whether or not a continuous river valley as in postglacial times 
would have guided a strong current of ice southward and during 
the period of final melting would have given rise to a long tongue 
of ultimately stagnant ice occupying the valley north of the High- 
land gorge. 

It is to be presumed that the barrier opposed to ice movement 
by the Highlands would haye led in the ady ance, as in the retreat, 
to a stage when the moving ice banked up against the northwest- 
ern wall of the Highland ridges would have poured throwgh the 
defile at West Point as a small valley glacier spreading out on 
the rock terraces below Peekskill or pushing south wholly confined 
within the Hudson gorge; at least in the retreat this was the case 
when certainly this gorge had its present general cross-section. 

Wherever during the retreat the ice front crossed the river and 
deployed on the banks to the east and west, the streams discharg- 
ing from the ice would bring down heavy loads of clay, sand and 
gravel, and bank them up against the ice front in the river gorge 
and over the neighboring rock terraces. Such deposits might 
originally completely fill the gorge, to be subsequently partly re: 
moved in the renewal of ordinary river dr ainage in the area. 

When the ice had thinned so ag to form a long narrow tongue 
filling the lower portion of the valley, covering the gorge 
and a considerable breadth of the rock benches on either 
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side, the streams from the neighboring open country would build 
their deltas against the ice margin in the form of terraces involy- 
ing buried shreds of the ice margin, and having when the ice 
melted away kettles or depressions marking the sites of these 
buried or partially inhumed ice masses, and a relatively steep 
but perhaps hummocky or kamelike terrace front overlooking the 
river gorge and at varying distances from and elevations above 
the gorge. The water thus impounded against the ice margin 
would flow along the ice edge or finding its way through crevasses 
and water tunnels in the ice escape with the glacial drainage 
without producing marginal stream phenomena. 

Finally when the ice had melted off from the rock terraces for 
a time a long narrow tongue would still occupy the gorge itself 
forcing some of the drainage over the rock benches and covering 
them with sheets of clay, sand and gravel. This coating of 
glacial materials might here and there mantle the ice in the gorge 
where that had been lowered by melting so that its surface lay 
below the level of the rock terraces. In any event when the ice 
finally melted out of the gorge the rock benches would be 
coated with terrace drift to their edges, the deposit here 
and there descending into the gorge as if it had once entirely 
filled it though this may never have been the case. Unless the 
evidence of ice contacts be found, it would be an extremely 
difficult task to determine with certainty the original extent and 
limits of such deposits and to discriminate them from remnants 
left from a reexcavation of a gorge which has once been filled 
by glacial sediments. 

Moreover, such lateral glacial deposits will depend for their 
elevation on the hight of the rock terraces on which they have 
been spread out. From point to point they should merge into 
the frontal deposits of the successive stages of the retreat of the 
ice front. Along such frontal lines the materials would be 
coarsest, gradually passing to finer and finer materials toward 
the south or away from the ice if the drainage was in that direc- 
tion. Here and there lateral tributary streams would pour in 
their contribution of detritus and produce local variations of 
texture or thickness of the sediments. 

If the ice retreat by successive oscillations in which the reces- 
sional movements oyerbalance the forward ones, the complica- 
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tions in the sedimentary history will be greatly increased. The 
glacial clays laid down in the outer belt of deposition of one 
frontal stage may be eroded by the overriding action of the ice 
of the next and then sheeted over, partly or wholly, by deposits of 
till or boulders as well as by sheets of coarse gravel and sand. - 

Another effect producing local terraces will arise during the 
melting of ice from a gorge like that of the Hudson 
with dissected walls quite independently of sea level so 
long as the rock terraces rise somewhat above sea _ level. 
As soon as the ice is limited to the main gorge, the 
embayments in the wall, receiving drainage from the ice and 
such lateral streams as may pour into them from the open 
country, will form temporary lakes and be filled and sheeted 
over with sands or gravels at levels determined by the effective- 
ness of the ice barrier and the duration of the process of filling, 
as well as by the elevation of the floor of the area. of 
deposition. 

Successive stages in the cross-section of a melting glacier in a 
valley like that of the Hudson river. The glacier which covered 
eastern New York, it may be said, was pushed on to the area by 
the pressure of its own accumulation in the Laurentide district. 
Eliminating the effect of forward motion in the ice and supposing 
the glacier to have been stagnant over the region between the 
Highland canyon of the river and the Catskill mountains, it would 
follow that for some time during the declination in the thickness of 
the ice sheet the relations to the valley would be those indicated, in 
figure 5, in which the ice sheet not only filled the valley but cov- 
ered the divides on either side. 

For a long time after, when the ice had dwindled down to a 
tongue filling the bottom of the valley, its cross-section would have 

been that shown by BB in figure 5 and this general cross-section 
would have been retained till a final stage was reached, when the 
ice filled the gorge only leaving the top of the rock terraces free 
for lateral drainage. 

In this final stage the cross-section would be that shown in DD, 
figure 5, in which the broad rock terraces might become the seat 
of lakes ang lateral stream deposits. Upstream and behind con- 
SEELOHTas, in the valley where the terraces became wedged out as 
in the Highlands, by unconsumed Spurs from the valley sides, 
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lakes might arise in which the deposition even of clay would 
become possible. 

During the first stage when the entire district was ice covered, 
water-laid drift would be limited to subglacial stream deposits in- 
cluding eskers and probably some kames; during the second stage 


when the drainage from the top of the ice and from the valley 


sides could escape laterally between walls of ice and rock, deposi- 
tion might take place high up on the valley sides in the form of 
lateral moraine terraces, lateral kame terraces and deltas built by 
streams coming off the ice or down the valley sides, but the ice- 
ward margins of these deposits would be subject to derangement 
from the further melting of the ice. In the last stage, when the 
ice became confined to the gorge, the rock terraces on either side 


Vd 


Fig.5 Cross-section of dwindling ice sheet in middle Hudson valley at different stages 
in relation to the valley form. AA—maximum development of ice; BB=local ice; 
CC=ice reduced to a glacier covering old valley-floor ; DD—ice remnant filling gorge only 


would become the seat of lakes and open-air streams with a great 
variety of deposits. Such deposits would resemble river terrace 
deposits but near the edge of the gorge they would probably dis- 
play coarser materials fed on to the rock terraces by the melting 
of the ice. Kettles and kames would occur here and there where 
deposition had taken place over and about the fringe of ice lap- 
ping over on the rock terrace. 

The effect of any slight forward movement of the ice during the 
progress of melting would simply tend to maintain the ice margin 
longer at any one position and thus favor the greater development 
of the deposits at that stage, for forward movement if due to sup- 
ply of ice from behind would both thicken the ice and increase the 
length of the glacial tongue. 

The effects of the second or valley stage offer no difficulties of 
recognition, but in the third or gorge stage of the ice remnant it 
ig necessary to discriminate the lateral masking terraces which 
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may originate in this way from terraces resulting from the re- 
excavation of a gorge completely filled by extraglacial clays or 
other materials after the ice has vacated the immediate district. 
Figures 6 and 7 illustrate these conditions in their simplest mode 
_ of occurrence. ” . 

In the former case coarse gravels and sand would be expected 
to predominate as the direct result of the outwash from the melt- 
ing ice lying in the gorge but rising above the level of 
the terraces. Clay making would. go on only in _ lake- 
like expansions above constrictions in the valley or down- 
stream in the extraglacial field of that stage. The ice- 
ward margins of such clay deposits would pass into coarser 


\™ ESSE: & 


Fig. 7 Reexcavation of gorge, showing variable erosion of clays from opposite banks 


detritus coming from the ice margin. Both sands. and clays would 
fail to be deposited in the gorge except where the ice remnant re- 
ceded by melting from the sides of the gorge, a condition which 
might locally occur before the ice shrank so much as to permit 
drainage altogether through the gorge. The distinguishing char- 
acteristic of such deposits would be evidence of contact with the 
ice sheet along the edge of the gorge, locally coarse deposits in 
that position, and the failure of remnants of these deposits to ap- 
pear in the gorge except in alcoves and recesses or side channels 
not held open by the ice. 

The distinguishing features of an excavated filling would be 
sought in the equality of hight of flood plain deposits on opposite 
<< v 7 gorge, the essential identity in the lithologie charac- 

ers OF contemporaneous sections on opposite sides o 
and in the occurrence of remnants of a deposits in Be 
the gorge protected from subsequent erosion. 
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Chapter 2 


“RETREAT OF THE WISCONSIN ICE SHEET FROM EAST. 
ERN NEW YORK 


In this and the following chapters which deal with the evidences 
of the retreat of the ice sheet from the Hudson and Champlain 
valleys, the aim has been rather to determine the conditions of 
the drainage and water levels at the front of the ice sheet than to 
attempt a presentation of a full account of the successive stages 
of the ice retreat. Many additional facts, such as are presented 
here, concerning gravels and sands deposited about the ice margin 
in the Hudson and Champlain valleys remain to be described and 
located on maps. 

The data concerning water levels derived from deposits made at 
suecessive stages in the retreat of a glacier must necessarily per- 
tain to a series of water bodies whose levels may or may not have 
been permanent as the water extended itself into the area aban- 
doned by the retreat of the ice front. 

In relation to the very beginning of the ice retreat, there are two 
classes of evidence bearing on the position of sea level at the 
mouth of the Hudson river, one of these categories of fact les 
outside the glaciated area, the other lies inside that field and 
forms the body of matter with which we are concerned. 

Extraglacial evidence of water levels. At the time of the culmi- 
nation of the late Wisconsin epoch when the ice sheet stood far- 
thest south and at New York Narrows, the question arises whether 
the sea was where it now is, or whether ‘the land stood higher or 
lower in relation to sea level. Of the geologic evidence outside of 
the glacial deposits of this epoch, there are three localities within 
a few miles of New York city which were examined critically with 
reference to this question. These localities comprise the vicinity 
of Cheesequake creek, on the Monmouth county shore of New Jer- 
sey, the small unglaciated area of Staten Island N. Y., and the 
ridge which extends through Far Rockaway on Long Island N.Y 

Terrace at mouth of Oheesequake creek, Monmouth county, N. J. 
Cheesequake creek occupies a valley about 24% miles long and 
with an average width of 1 mile from near its mouth on the beach 
of Raritan bay to its head. Except for small streams entering 
on the northwest near its mouth and on its eastern side from the 
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radial drainage area of Morristown, Cheesequake creek receives 
no affluents adequate to account for the development of a valley 
extending southwestward into the mainland at this point on the 
coast. This abnormality is the more striking from the fact that 
in those parts where streams might be expected, the land slopes 
away from the depression and streams flow on that slope to the 
South river or to the Raritan itself. Everywhere about the mar- 
gin of the cove steep slopes prevail without that adjustment which 
occurs in the drainage outside of the area, showing that the 
basin is more recent than the drainage furrows which surround 
it. In general form, in.its relation to side streams and to the 
surrounding nonglacial topography, this cove resembles what ap- 
pears to have been the original condition of those indentations of 
the north coast of Long Island which have been occupied and 
somewhat enlarged by the ice of the last advance. The creek is 
newer than the plain and is evidently drowned beneath the sea 
level by recent sinking. 

Along the shore at the mouth of this cove are well defined 
terraces, the remnants of a plain about 30 to 40 feet above the 
present sea level. This plain has been dissected and partly 
destroyed by the erosion of the cove, and it has been cut back 
by the sea, so that its slope and its initial seaward margin are 
now indeterminate. 

The upper portion of this plain on the West side of the creek 
consists of coarse yellow gravel lying on Cretaceous clays. On 
the east side the underlying deposits rise to the surface of this 
plain, which cuts across different beds thus showing that it is 
a plain of denudation. The point to be determined is whether 
this plain is due to marine or aerial erosion, or im other words 
whether it can be taken as an index of the attitude of the land 
in recent geologic time, and if so what was that attitude and when 
was it taken. The fact that there is no equivalent of this plain 
in the glaciated area shows that it is earlier in origin than the 
culmination of the Wisconsin epoch and hence makes it presum- 
able that the land was then and has since been unsubmerged. 

The topographic map exhibits a number of terraces along this 
coast from Perth Amboy around the Neversink Highlands to the 
mouth of Shrewsbury river, whose elevations vary from 40 feet 
downward, 
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Unglaciated area of Staten Island. Two very distant small 
tracts within the State of New York lay beyond the reach of 
the last ice advance; one in the extreme southwestern part of the 
State, the other an area about half a square mile in extent at 
Garretsons and Grant City on the southeastern face of the 
serpentine hill of Staten Island. On a sloping shelf ranging from 
120 to about 250 feet above the sea lies an ancient pre-Wisconsin 
surface of weathered products surrounded on the northwest by 
the terminal moraine and on the southeast in the low grounds 
by the outwash gravels of the Wisconsin ice sheet. The iron 
crusts segregated in the weathering of the bed rock encumber a 
reddish soil unmixed with exotic material and topographically 
unatiected by any sign whatsoever of other agents than the 
meteoric conditions to which the areole is now exposed. The 
soft erodable materials form an escarpment descending from the 
120 foot line to approximately the 50 foot contour line along 
which they disappear beneath the fresh gravel of the last ice 
advance. It is difficult to admit a transgression of the sea, how- 
ever slight, over this surface without some trace of its action 
being left behind. This area appears to the writer as a monument 
of long continued land conditions, beginning before the Wisconsin 
epoch. 

Far Rockaway ridge, Long Island. The outwash plain of the 
terminal moraine on the south side of Long Island is interrupted 
at Linwood by a singular ridge of gravels which extends south- 
westward to Far Rockaway inclosing behind it Jamaica bay. In 
a recent publication of the museum I recognized this deposit as 
being older than the terminal moraine and its outwash plain, and 
from my failure at the time to find granitic pebbles in the gravels 
referred the deposit to the pre-Pleistocene series. At about the 
same time Professor Salisbury! in a publication of the United 
States Geological Survey described the deposit as a shallow water 
formation practically contemporaneous with the outwash plain 
thus including it in the Wisconsin epoch and inferring from it the 
presence of the sea, if I understand his position correctly, at a 
somewhat higher level than now along the southern border of 
Long Island. Later I visited the ridge with Messrs Fuller and 


1Salisbury, R. D. New York City Folio, U.S. Geol. Sur. 1893. 
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Veatch of the Geological Survey and with them found feldspathic 
pebbles, which would in my opinion place the deposit within the 
Pleistocene series of Long Island. Messrs Fuller! and Veatch? 


now regard the deposit as an exposure of the Manhasset series, — 


presumably pre-Wisconsin, and I see no reason at present for not 
accepting their conclusion. The deposit is necessarily mentioned 
here on account of its supposed bearing on the marine limit at the 
mouth of the Hudson. These recent investigations show, it seems 
to me, that the Far Rockaway gravels even if deposited beneath 
sea level long antedate the retreat of the Wisconsin ice sheet. 


INTRAGLACIAL EVIDENCE OF WATER LEVELS 


The following notes on particular localities by no means give a 
complete diagnosis of the retreatal stages of the Wisconsin ice 
sheet. In none of the cases have the ice margins been traced away 
from the floor of the Hudson valley to the higher levels of 
norainal accumulation and marginal drainage which undoubtedly 
can be traced when detailed mapping is undertaken. The account 
kegins with the outermost moraine on western Long Island and 
on Staten Island. : 

Terminal moraine and outwash plains. .The terminal moraine 
on western Long Island is confronted on the south by a gently 
sloping creased plain of gravel and sand sheeting over older 
glacial gravels and deposits of Cretaceous age. The surface of 
this plain is apparently in the state in which it was left when the 
ice retreated from the crest of the moraine on its northern limits. 
Its southern margin, now below sea level, exhibits along the shore 
line unmistakable signs of recent subsidence. Thus at Babylon, 
dredging in the drowned outer portion of one of the creases 
brought up abundant land vegetation from a depth of 10 feet of 
water. That the material was not transported and deposited was 
Shown by the growth of roots in the peaty layer which formed a 
part of the mass. Similar facts have long been well known. 

Port Washington and College Point deltas.3 At Port Wash- 
ington on Long Island north of the terminal moraine is a well 


*Fuller, M. L. Resurvey of Long Island. Science. 


*Veatch, A. C. Diversity of the Glacial Period on Long Island. Jour. 
Geol. 1903. 11:762-76. 


“See N. Y. State Mus. Bul. 48. 1901. p.653-59. 
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defined delta of sand with an ice contact slope on the north mark- 
ing the position of the ice front against which the deposit was 


“built by outflowing glacial water. The level of this deposit is 80 


feet above the present sea, but in such relation to the surround- 
ing geography that it clearly has been built in a temporary lake- 
let held in back of the terminal moraine over the site of Manhasset 
bay. 

Farther east and at the lower level of about 40 feet above the 
sea there is a much smaller delta with a kame habit on its north- 
ern margin built as far as can be judged at a later stage in the 
retreat of the ice sheet. The internal structure of this deposit 
has shown a lower plane of water level at about 35 feet. These 
deposits on the northern flank of the terminal moraine have such 
discordant levels for stages of deposition which must be regarded 
as nearly though not exactly contemporaneous that it seems highly 
improbable that their water levels coincided with sea level at 
that time. 

Glacial delta near Perth Amboy. Fast of the railroad cross- 
ing between Perth Amboy N. J. and Maurer at a point about 
1000 yards south of Maurer station, a small rounded spur of sand 
with an elevation of about 30 feet projects eastward and slightly 
north on an embayment of the marsh of Arthur kill. The deposit 
is a spur from the moraine-covered clay beds of the terminal 
moraine. In the spring of 1901 this deposit was being cut away 
for the sand which it contained. The section displayed in April, 
when visited by Dr F. J. H. Merrill and myself, well defined top- 
set beds from 3 to 4 feet thick overlying the truncated edges of 
foreset beds dipping about 32 degrees east with a little northing, 
displaying the typical structure of a delta, whose water level 
must have been at about the 30 foot contour line according to the 
reading by the map. 

The outer slope of this deposit is rather more subdued than in 
the normal sand plain lobes of southern New England and sug- 
gests modification by standing water. From the base there is a 
slight projecting terrace 5 or 6 feet above tide level. The form 
of the whole deposit was so ill defined that without seeing the 
cross-section I should not have taken it for a glacial sand plain. 
It is evidently related to the deltas above described. 


92 NEW YORK STATE MUSEUM 


Deposits near Pelham N. Y. “Hutchinson creek is a small 
stream entering Long Island sound at East Chester. From 
Pelhamville southward to East Chester the stream is bordered by 
terraces of glacial material, somewhat effaced by postglacial 
erosion. The terraces stand at an altitude of about 60 feet at 
Pelhamville and descend to or near sea level at a distance of 
214 miles. In the upper part the deposit is coarse gravel, with 
boulders intermixed along the contact with bordering outcrops 
of gneiss and schist. Below the 40 foot contour on the south the 
materials are conspicuously finer. 

In the 20 foot terrace on the east side of the stream there is a 
frequent cross-bedding from 6 to 10 inches thick with the dip of 
the cross-beds to the southeast, and this invariably so, indicating 
continuous current movement such as that of a strong flowing 
stream of water. The entire section recalls that of the glacial 
outwash. The slope about 30 feet to the mile is rather steeper 
than the distribution of the materials would indicate for a stream 
flowing into the present sea level. If the water level was then at 
about 20 feet, the slope of the terrace back of and above this 
limit would accord with the slope of outwash plains. 

Englewood sand plain. Salisbury in his work in New Jersey 
in 1894 described many ill defined but recognizable glacial out- 
wash deposits made in succession in the retreat of the ice across 
the interval between the Palisades and the Orange trap range. 
One of the most notable of these accumulations is that extend- 
ing from Highwood through Englewood, forming the divide be- 
tween the waters flowing southward into Newark bay and those 
flowing northward through the Sparkill cut into the Hudson. 

A line of kames extends northeast and southwest along the 
head of this deposit, turning northward along the east side of 
the Northern Railroad of New Jersey and merging into the drift 
at the base of the Palisade slope. The elevation of the plain at 
the southern margin of the narrow kame belt is about 60 feet. 
Thence the plain slopes southward to about 40 feet in Englewood 
Center, gradually descending to 20 feet in the southern part of 
that town. At one point on its eastern margin in the stream 
valley which borders the deposit, topset and foreset beds were 
seen in my visit, indicating a water level at about 30 feet. 
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The frontal margin runs out into a long spur on the western 
side ending at about 20 feet above the present sea level. In front 


of the plain is a flat of fine sands. A well sunk in April 1901 


southwest of the railroad station reached rock at 67 feet. Above 
the rock was “hardpan,” and above that about 10 feet of clay. 

Van Cortlandt park plain. The parade ground at Van Cort- 
landt park on Tibbits brook in the northern part of New York 
city is a somewhat modified natural plain or terrace whose sur- 
face is about 20 feet above sea level. It is composed of glacial sand 
and gravel and is of either late glacial or early postglacial date. 
The surface of the plain now shows no trace of kettle holes, and 
the slope to the stream on the east and south has no decisive 
character except it be nearly in front of the ancient manor-house 
where the slope is marked by a few headstones and also along 
the southern end of the plain. A few coarse angular pieces of 
drift rock lie on the slope near the old gravestones. This fact 
and the manner of ending of the plain in this direction on the 
broad open valley of a sluggish tidal creek suggest that the plain 
may have been built in waters confined by a melting remnant of 
the glacier. It should be borne in mind, however, that direct 
evidence of the deposition of such gravels and sands in some 
part of their margin against masses of ice does not in such a 
situation as that of the Cortlandt park plain exclude the possi- 
bility of the water level, if such there was to contro] its upward 
growth, having been at sea level. 

Certainly the sudden ending of the deposit on the south in a 
terrace without delta lobes and without evidence of having been 
brought to this form by the excavation of the drift in the valley 
below this point makes it probable that the valley toward the 
Hudson was ice filled, and thus entirely possible that the deposit 
was made above sea level. In short, the plain at Van Cortlandt 
park does not demand a higher stand of the sea than that now 
existing. 

Tappan moraine [see pl. 2]. The first definite morainal ac- 
cumulation in the Hudson valley north of the Narrows is en- 
countered on the west side ‘of the Palisades immediately north 
of the New Jersey boundary in the village of Tappan. At this 
point the Palisade trap ridge is deeply dissected on a northeast- 
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southwest line at Piermont, through which cut a small stream 
now drains the marshes back of the Palisades into the Hudson. 
The morainal deposits stand above this swamp in the form of 
two northeast and southwest ridges of mounded drift rising from 
100 to over 120.feet above the sea level. They are both cut off 
by a small stream on the west of Tappan village. 

The northern of the two ridges is nearly straight in its course, 
its southern slope being more uniform in direction and steeper 
than its northern. 

The southern ridge trends southwestward from near Sparkill 
railroad station for 1 mile when it turns abruptly northwestward 
into the village of Tappan, having thus a convex southward 
curvature as seen from the north though its southern front is 
decidedly angular. 

Both of the ridges are composed largely of red gravelly drift. 
An excavation just south of the Sparkill railroad station showed 
gravels and sands with occasional small boulders, the upper part 
of which deposit is without stratification. The surface of both 
ridges is comparatively free from kettles but carries many 
boulders, now particularly noticeable about the houses. 

A nearly smooth water-laid drift plain lying between 60 and 
80 feet above sea level separates the ridges, and drains to the 
westward ; but more significant is a small frontal apron of washed 
gravel and sand which extends beneath the Swamp at the south- 
western end of the outer or southern ridge, sloping from about 
60 feet at the edge of the moraine to 40 feet where it disappears 
southward beneath the recent swamp accumulation, fixing the 
upper limit of the water body or lake into which it was built 
as lower than 40 feet at the time of this stage, but giving no 
closer index of sea level. 

The position of these frontal moraines, just north of the Pier- 
mont gap, plainly indicates that at this time the gap was free 
from ice, presumably allowing the escape of the drainage as now 
into the Hudson gorge; nor does the Hudson river appear to have 
flowed through this 


gap since the ice last disappeared from its 
valley. Just e 


ist of the Sparkill station glacial striae on the 
trap rock read n. 24° w. a direction about at right angles to the 
moraine showing that, though the striae may have been made 
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-before the moraines, when the ice ran to the south, the direction 
_ of ice motion had scarcely changed at this locality during the 
retreat from the terminal moraine. 


West of Tappan in New Jersey other frontal deposits similar 


in form to the morainal ridges at this place occur in the form 


of a crescent open on the north, indicating the position of the ice 


_ front at this stage in that direction. 


The extension of the ice front east of the Hudson at this stage 
is not clearly shown by any facts now at hand. 

The moraines at Tappan N. Y. and in Harrington N. J. appear 
by their alinement to be synchronous deposits. The water-laid 
drift confronting the Tappan deposits rises to 60 feet above sea 
level, but the plains confronting the Harrington deposit appear 
to rise to 100 feet. It is evident that these slopes of washed 
drift were not controlled by one and the same water level. Slop- 
ing plains and fans of drift are built up along certain ice fronts 
and along the fianks of gullied mountains, independently of water 
levels, to quite different altitudes above the stream beds at their 
base. Jt is therefore legitimate to suppose that these deposits 
may also have developed without regard to sea level or lake level, 
so that the sea level of the time may haye been at or below the 
level of the lowest of these diluvial fans. 

Nyack terraces preglacial (pre-Wisconsin). There are two well 
marked terraces in the vicinity of Nyack on the west bank of the 
Hudson, but these are so many benches formed by the Triassic 
sandstones outcropping beneath the Palisade trap sheet. They 
are everywhere except in the southern part of Nyack covered by 
glacial till. The lowest of these terraces is about 80 feet above 
sea level. The red sandstones crop out in a low bluff on the 
water’s edge south of the village. The upper terrace is strongly 
marked between 180 and 200 feet and corresponds closely to the 
rock terrace of the Hudson at many points. Another less 
extensive terrace occurs south of Hook mountain between 280 
and 3800 feet. 

On these terraces the drift is largely reddish till derived from 
the red sandstone and shale. For about 50 feet above sea level 
the surface drift is grayish and clayey, as if the ice had smeared 
earlier glacial clays over the rock benches. 
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The phenomena shown at Nyack, so far as my observations go, . 
afford no indication of sea level since the retreat of the ice sheet 
different from that now existing, though this evidence is wholly 
negative in regard to a recent rise of the water level. 

Tarrytown delta. At Tarrytown, Pocantico brook (Gory brook 
on the United States Geological Survey map) has cut deeply 
through a deposit of sand forming its ancient delta on the margin 
of the Hudson gorge. At Tarrytown the eastern wall of the Hud- 
son gorge changes its course from a few degrees east of north to 
nearly north, and at the same time the rocky wall advances 
slightly to the westward. In this angle of the bank below the 
brim of the ancient rock terrace on the northern edge of the town 
lies the deposit named. 

‘The surface of the deposit is about 60 feet above sea level, rising 
in a small mound to above 80 feet. On the north it is bounded 
by steep slopes, in part cut back by the stream which flows at its 
base and in part an original depression evidently marking the 
presence of ice while the sands were being deposited. 

Deposits south of Croton point. The ice which covered the Hud- 
son valley south of the Hudson Highlands assumed a lobate margin 
at the time of its halt along the line of the terminal moraine. The 
axis of most rapid motion in this lobe lay on the west side of the 
Palisade trap ridge in the Hackensack lowland of New Jersey. 
East of this line the ice moved southward and eastward across 
the lower Hudson; west of the line the ice moved to the southwest 
at angles somewhat greater than the southwest course of the lower 
portion of the Hudson itself, During the retreat of the ice from 
the moraine toward the southern edge of the Highlands it is to 
be presumed that the same general bottom movements of the ice 
would have been maintained till the ice thinning over the High- 
lands continued to push through the Highland gorge alone and 
thus became restricted to a small glacier occupying the Hudson 
gorge. 

The margin of this small glacier it is believed is found in the 
frontal deposits at Croton point and in the vicinity of Haver- 
straw; but the deposits south of this stage in the retreat pertain 
to the broader development of the ice sheet which had not as yet 
lost its marginal continuity with the ice sheet extending eastward 
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over New England and westward over the Highlands of New 
Jersey. In the retreat from the terminal moraine however it is 
to be expected that the lobate form of the ice in the lower Hudson 


would be retained, and since the axis of the lobe lay in the low- 


lands west of the Palisade ridge the east margin of the lobe in its 
retreat would first uncover the east bank of the Hudson from New 
York city northward and then the western bank of that river. 
This relatively earlier opening of the east bank of the river would 
permit of the drainage from the open country in Westchester 
county pouring in against the ice margin so as to make deposits 
partly built against the ice either within the open parts of the 
gorge or within the dissected rock terrace itself. On the contrary, 
on the west bank no such deposits would occur, largely because 
of the lack of an open land slope toward the Hudson. 

In this lower section of the Hudson the stratified glacial 
deposits are restricted to the east bank in situations suggesting 
in their form and distribution their constraint by the ice margin. 

The slight mounding of the deposits at the head or ice contact 
of the outwash plain at Englewood and again near Tappan vil- 
lage show that the ice at these stages of retreat was slightly 
quickened and advanced on its frontal outwash deposits, move- 
ments which would have extended to the eastern margin, account- 
ing for some distribution there of till over stratified deposits and 
a slight shoving of stratified beds into disturbed positions. 

This inequality of the distribution of stratified deposits is 
shown elsewhere as on the banks of the Taunton river near Fall 
River, Mass., where stratified drift, locally a kame terrace, flanks 
the south side of that southwesterly trending arm of the sea while 
till without signs of water modification covers the other bank 
quite down to sea level. 

The rule in such situations is that when the ice is retreating 
with its front nearly or quite parallel to a river valley the bank 
which is first uncovered by the ice will receive outwash from the 
ice and inwash from the confronting land while the opposite bank 
may be left strewn with the ill assorted or unstratified boulder- 
bearing drift dropped by the ablation of the ice. On the open side 
of the valley, terraces and kame terraces may thus be formed at 
levels independent of the sea but above its level. 
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All the terraces and plains in the lower Hudson south of Croton 
point, those at Port Washington, College Point, Maurer, Tarry- 
town and Van Cortlandt park, accord with this mode of retreat, 
and the slight but recognizable evidence which they bear of the 
presence of the ice along this eastern bank of the Hudson makes — 
it reasonable to grant that the levels which they exhibit are those 
of local bodies of water held in position by the ice and hence 
Subject to capricious changes. 

Croton point stage. The strongest development of glacial de- 
posits, such ag are peculiar to the front of a retreating glacier, 
in the Hudson valley north of the great terminal moraine in 
Brooklyn and south of the Highlands, occurs at a point in the 
walley where there is again an important change in the geologic 
structure of the region. At Haverstraw, the thick sill of in- 
trusive basalt which forms the palisades of the western bank of 
the river curves inland and westward, presenting its steep front 
to the north. At the same time the Hudson valley eroded in the 
Triassic basal beds widens out to the westward, and the gorge 
occupied by the existing river from Ossining (Sing Sing) north- 
ward bends around in deference to the geologic structure of its 
western bank. On the east bank there debouches just south of 
Croton point the Croton river, a curvilinear stream whose north- 
ward curvature may be compared with that of the trap ridge 
which touches the opposite shore at Haverstraw. We shall first 
consider the glacial conditions as they are found at Haverstraw, 
and then proceed to the interpretation of the deposits at Croton 
point and in its vicinity. 

Haverstraw glacial deposits. The glacial deposits at Haver- 
straw from the base of High Tor northward along the shore and 
to Stony Point, for a mile or more inland, are rather complex, 
consisting of the more striking brick clays, glacial sands, gravels, 
and also till in the form of a frontal moraine. The extensive 
opening of the clay beds affords numerous opportunities for ex- 
amining their structure and relations. 

Frontal moraine. Once the ice front in its retreat lay north 
of the curved ridge of trap above referred to, any tendency to 
move southward would be met by the obstruction which this west- 
ward curving ridge offers, and as the ice, on the whole retreating, 
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had its times of slight advance, it is but natural to expect slight 
frontal deposits built against the northern slope of the Palisade 
ridge where its course turned so as to lie athwart the path of 
ice motion. Such deposits actually occur. 

The morainal deposits of this stage are well shown at the Baye 
straw station on the West Shore Railroad. The material is 
reddish till in a thick deposit lying approximately between ae 
and 200 feet above the sea from the vicinity of the railroad sta- 
tion to and beyond the limits of the Tarrytown atlas sheet. The 
conditions of the ice front at this time are indicated in the 
accompanying cross-section drawn across the front between High 
and Little Tor [fig. 8]. South of High Tor this morainal coating 
fails to appear as a flanking deposit on the iceward side of the 
trap ridge. As will be described in some detail presently, 


Fig. 8 Diagrammatic cross-section showing relation of ice sheet to frontal moraine 
at Haverstraw: below cliff, the moraine; to the right, clays, sands and gravels 


morainal deposits reappear in the northern part of Croton point 
and it is therefore reasonable to suppose that the ice front left 
the west bank of the river in the vicinity of Short or Long Clove 
and crossed the Hudson gorge to the east bank, curving or pro- 
jecting southward in mid-channel. 

While the ice lay in the Hudson gorge south of Short and Long 
Clove, these two passes across the Palisade ridge would have 
afforded an outlet for the lateral drainage flowing between the ice 
on one side and the trap wall on the other. The long straight 
course of the Hackensack from the Cloves down to West Nyack 
is so well developed as to suggest that the stream may have been 
enlarged in the glacial period by water pouring through these 
passes, which lie at about 200 and 220 feet above the sea. 

About + of a mile south of the West Shore bridge over 
Minisceongo creek and east of the railroad there was a sand 
knoll exposed in 1900 in which stratified sands from 40 to 60 
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feet above the sea contained glacial boulders*as if they had been 
dropped in from floating ice. Small lenses of gravel without 
pebbles of the trap or red sandstone betrayed their more northern 
origin than the area of Newark rocks. The upper layers of this 
section were much crumpled as if by overriding ice. The sands 
as a whole were yellowish and clayey. At one point a deposit of 
till lay in a shallow depression or channel in these sands. 

The surface of this sand knob is clearly an erosion form. The 
crumpling of the upper layers, and the occurrence of patches of 
till show that it antedates the last local ice advance; yet the 
boulders dropped within it point to water at least 60 feet above 
the present sea level, during the deposit of the sand. But this 
water had nothing to do with the last glacial retreat. 

The precise relations of these sands to the moraine at the base 
of the trap sheet is not shown by sections, but the evidence of ice 
action over the sands and the failure of sand deposits over the 
moraine, points evidently to the greater antiquity of the strati- 
fied deposits north of the moraine. 

Cedar pond brook and its deposits. The clays in Haverstraw 
and North Haverstraw rise to about 50 feet above sea level though 
they are largely eroded away so that from place to place they 
rise to various hights below this level. In the northern part of 
Haverstraw between the 60 and 80 foot contours, the clays are 
overlain by about 10 feet of coarse gravels. South of the east 
and west road a pit in 1900 showed erosion of the clays before the 
deposition of the gravels. 

Going farther north toward the valley of Cedar pond brook 
boulders appear in fences over the clays and also over a sand 
plain with foreset beds inclining to the southeast, showing the 
action of a stream pushing its delta out in this direction at a 
level as high as 60 or 80 feet above the present sea level. 

Cedar pond brook has in recent times sunk its bed deeply and 
widely into its ancient delta the largest remnant of which forms 
the flat projecting point of land on which stands the village of 
North Haverstraw, at an elevation of about 100 feet above the sea. 

This deposit evidently formerly extended farther south across 
what is now the path of the stream, thus uniting the coarser 
gravels and sands over the clays perhaps as far south as Benson’s 
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Corner in a sheet of outwashed detritus, the position of which on 
the clays shows its more recent deposition. The precise age of 
these gravels and sands can be fixed in terms of the glacial retreat 
with precision, for the northern margin of the coarse detritus 
in the 100 foot plain at North Haverstraw shows clearly, by the 
ice contact slope of the terrace, that the deposits were along that 
line banked up against the edge of the glacier which still lay 
in the Hudson gorge. The age of the terraced remnants of the old 
delta is therefore fixed as nearly the same as that of the moraine 
at Haverstraw and earlier than all the various frontal deposits 
yet farther up the river in the line of retreat. 

While the Cedar pond brook deposits are thus considered here 
as connected with the Croton point stage of the retreat it has to 
be recognized that the ice edge on the west side of the river had 
retreated from the moraine at Haverstraw station to the northern 
edge of the delta at North Haverstraw, a distance of 2 miles. 

The clays underlying the Haverstraw gravels and sands are 
normal glacial deposits, evidently made in more or less open water 
the surface of which must have been at least 50 feet above the 
present sea level, but as the clays are overlain by the delta 
deposits made at the time the ice sheet pressed against the gravel 
bank at the North Haverstraw station, they can not be associated 
with deposits made at a later time when the river was freed of 
ice as far north as Albany. The precise age of the clays at Haver- 
straw is necessarily somewhat in doubt. North of the old delta 
with its ice contact at the North Haverstraw railroad station 
clays lie in the low grounds quite up to the south side of Stony 
Point. The clays rise up in the small hillock south of that point 
and evidently have there been much eroded. South of them rises 
the bluff of gravels in the North Haverstraw delta on which clays 
have not been deposited. Everything in this locality points to the 
conclusion that the clays are here older than the Cedar pond 
brook delta and that the ice sheet rested on these clays when the 
delta began to build. It is not so clear that the upper clays south 
of the Cedar pond brook were also in existence before the ice sheet 
retreated to the north shore of Cedar pond brook. 

As previously shown on page 80 clays will begin to deposit 
along an ice front somewhat in advance of the sands and gravels 
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which the streams lay down along the ice margin and in contact 
with it. As the gravels and sands are dragged along and 
deposited further out, they will begin to cover the earlier de- 
posited clays, and thus we shall have as the progressive steps in 
the deposition of a harmonic series of sediments the appearance 
in the lower and outer portion of the delta of an earlier set of 
clay beds and a later set of beds of gravel and sand. While the 
beds seen in any one vertical section are truly older at the bottom 
and newer at the top, the difference in age in this case is very 
slight. : 

Since the clays south of Cedar pond brook rise higher than 
those north of the head of the delta at North Haverstraw it 
is probable that the upper part represents the earlier clay deposits 
of this stage of delta building instead of some far earlier deposits 
like those seen near Stony Point, These clays will be found again 
in Croton point and further discussion of their origin may be 
deferred till that deposit has been described. 

Croton point. On the east side of the Hudson, Croton: point 
presents one of the most striking features of glacial origin in the 
course of the river from its source to the sea. There are larger 
and thicker deposits of drift but none which intrude themselves 
so forcibly on the plain map of the State. Croton point is again 
a complex of glacial deposits. The outer insular portion of this 
cape is partly of ice-laid morainal origin. All about the shores of 
Tellers point northward to the northern unnamed point the beach 
is lined with large glacial boulders. Dark boulders of a basic 
igneous rock are common and boulders of a red conglomerate un- 
doubtedly from the Triassic strata underlying the Palisade range 
occur being derived probably from the basal strata of that forma- 
tion in the bed of the river. On the western side of the north point 
the deposit of till with boulders and gravels rises high above the 
water level, showing that the ice front lay against this edge of 
the deposit, and as pointed out on page 99 that the ice front of the 
Haverstraw moraine crossed the river at this point, resting on 
the rocky shore of the eastern bank at Croton Landing where 
again thick deposits of till occur. The approximate position of 
the ice front at this stage is shown in the annexed sketch map 
[fig. 9]. 
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In front of this ice edge Croton river appears to have entered 
into the Hudson much as it does now except at a higher level 
and to have deposited gravels near shore and sands farther out. 
At least some of these gravels and sands are preserved in the 
upper part of the Croton point deposit. The only question which 
arises is whether some of the material may not have been laid 
down by streams coming off from or out of the ice at this stage; 
but the occurrence of these plateaus of gravel and sand along 


EEE} 0e/ta plains of gravel and sand above with clay below. 
PR] Moraina/ deposits of the Croton-Haverstraw stage. 
Bie) /ce-contact slope at head of ce/tas. 


Fig.9 Sketch map of the Croton-Haverstraw stage of ice retreat, with the later 
North Haverstraw stage 


the ice margin at the points where streams now enter the Hud- 
son both here and at the mouth of Cedar pond brook appears to 


be conclusive evidence that much of the work was done by lateral 


streams. 

Again at Croton point as at Haverstraw the sand and gravel 
overlie a thick deposit of stratified blue glacial clays, which are 
well exposed in the pits along the north shore of the point. 

Near the railroad on the north shore of Croton point about 
20 feet above the beach, coarse glacial gravels with pebbles from 
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1 to 2 inches in diameter overlie the clays giving place above to 
glacial-sands. At the northern point, there is reason to believe 
that the till is banked up against the clays if it does not overtop 
them. Probable evidence of the action of the ice sheet is found 
in the highly crumpled condition of many layers of clay; but 
this crumpling and contortion may have taken place as the result 
of the creeping of the clays when the overlying sands and gravels 
became thickly deposited on them. It is a characteristic of the 
outer clays in deltas.t 

At the northern margin of the North Haverstraw dissected delta 
terrace and again at the northern extremity of Croton point 
there are slopes composed of coarse deposits coming directly from 
‘the ice sheet itself. These have been preserved as they were laid 
down, without erosion on the one hand or a covering of newer 
clays or silts on the other. They have suffered little from erosion 
because streams have run elsewhere doing their work most effi- 
ciently on the clayey deposits remote from the loose structured, 
gravelly beds near the ice contact. That these slopes have not 
been covered by newer deposits must be explained as in general 
due to their not lying in a basin of deposition. Hither streams 
have not been directed toward them or if they have been sub- 
inerged such submergence was very short indeed and the waters 
free from transported sediment. Indeed there has been no deposi- 
tion above present sea level in this region since the ice retreated 
from the successive stages. 

Cedar pond. brook in cutting down through the North Haver- 
straw deposit has left a subordinate terrace at about 60 feet above 
the sea. This is a narrow terrace traversed by the road which 
leads southward from the village to the brook. The remnant of 
the old delta on the south side of the stream rises to 60 feet or 
over. The occurrence of a terrace at this hight made in the down ~ 
cutting of the stream is suggestive of a water level at about 60 
feet. The deposit at Tarrytown was built up to 60 feet above sea 
level. The full significance of these clues to a water level higher 
than that of the sea at present it is hoped to bring out in the dis- 
cussion closing this report. 


*Russell, I. C, Lakes of North America.- 1895. p.50. Also in U. S. 


Geol. Sur. Monogr. XI. 1885. Ries, H. N. Y. State Mus. Bul. 12. 1895. 
p.108, 118-19, 
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The Croton point deposits like the North Haverstraw delta rise 
to about 100 feet above the sea level where they join the rock wall 
of the Hudson gorge. At Tellers point the gravels and sam@s fall 
off in hight to about 25 feet above the sea. Nowhere on this 
southern margin do there appear signs of glacial delta lobes. On 
the contrary there are marks of erosion, either that by the Croton 
river or by the action of the waves of Tappan sea. 

The wide and deep cut across the point is clearly due to erosion 
following the deposition of the uppermost sands and is an essen- 
tial part of the history of the changes in water level and the run of 
streams following the disappearance of the ice from the north side 
of this morainal stage. The outline of the cut, concave toward the 
northeast, describes the path which the present Croton river would 
in all probability take, were the Hudson flowing north instead of 
south as it now does. If the Croton cut this channel the process 
of doing so must have been at the beginning, by coursing over the 
deposit then more extensive to the southward and filling in the 
area between Croton point and the land known as Croton bay, the 
opening of which has given a more direct path southward into 
the Tappan Sea. 

Against this view it must be said that the boulder deposits at 
Tellers point indicating the presence of the ice along the northern 
edge of the delta indicate also the possibility that streams poured 
out on that side from the ice and during the decaying stage of the 
ice front when a stream became free-from its load, it may well 
have cut ‘this channel quite down to the present level and that 
independently of the presence or action of the Croton river. The 
presence of creases across the surfaces of sand plains and deltas 
laid down along the ice margin is one of the striking features of 
many districts where the deposits were built partly above perma- 
nent water level. 

Clays at Crugers. In the vicinity of Crugers a few clay pits 
have been opened in glacial brick clays closely resembling in all 
respects those on the opposite side of the river at Haverstraw. 
The clays have an eroded surface, rising to various levels up to 
nearly 100 feet. The deposits wrap about outcrops and occur in 
the hollows between the older rock topography of the side of the 
valley. Like those at Haverstraw the clays appear to have been 
deposited in the roughened and broken down rock terrace of the 


106 NEW YORK STATE MUSEUM 


Hudson gorge. At various places near, Crugers glacial boulders 
repose on the clays and frequently in positions where it is im- 
possible to suppose that they have slidden down from the slopes 
which overlook the clay deposits. This distribution of boulders 
is quite in accord with the evidence found on the west side of the 
river which points to the overriding of certain clays in this part 
of the Hudson yalley by the ice at least in those stages of its 
retreat which are marked by moraines and frontal washed deposits 
in the vicinity of Haverstraw and Croton point. It is quite possi- 
ble that each one of these frontal moraines and attendant out- 
washed deposits marked.a slight advance of the ice remnant fol- 
lowing a retreat somewhat farther up the river, and the mere 
overrunning of clays in this manner by the ice itself and the 
sheeting over them of gravels and sands contemporaneous with 
the retreating ice as a whole does not of itself demand that these 
clays be placed anterior to this last ice epoch. But the difference 
in the geologic position of these clays and those which still form 
broad plains about Albany and as far down the river as Kingston 
is sufficient to demonstrate that the clays in the Hudson valley 
south of the Highlands belong to an earlier stage in the melting of 
the great glacier than those from Kingston to Albany. In other 
words, the clays in the lower Hudson were laid down before the 
final disappearance of the glacier from this part of the valley; 
those south of the Mohawk from Albany down to Kingston are 
later than the disappearance of the ice from the region which they 
occupy. 

There is thus no continuous deposit of glacial clays in the Hud- 
son valley precisely equivalent in age to the marine beds of the 
Champlain area on the north. 

Terraces about Peekskill bay.. Well defined terraces of glacial 
gravels and sands occur in the vicinity of Peekskill-bay at the 
southern edge of the Highlands; at Tomkins Cove and Jones 
Point on the west shore, and in Peekskill and Peekskill creek 
on the east shore. These deposits will now be briefly described 
in the order named. 

Terrace at Tomkins Cove. The topographic map shows a nar- 
row terrace developed on the side of the valley at Tomkins Cove. 
This terrace is delimited by the 120 and 140 foot contour lines 
and agrees very closely in level with the preglacial or inter- 
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glacial rock terrace of the Hudson river. No detailed study of 
it has yet been made in this survey. 

Terrace at Jones Point. On the southern side of Dunderberg 
mountain at Jones Point or Caldwell there occurs-a well defined 
terrace of sand and gravel of glacial origin, the original outlines 
of which have now been nearly destroyed in the course of excava- 
tion of sand and gravel for masons’ supplies. This terrace 
extends along the mountain wall for about half a mile, being 
widest on the south where the mountain recedes from the river. 
On the north near Jones Point, the terrace springs out from 
the mountain side at an elevation of about 100 feet as a rather 
coarse cobbly gravel deposit and declines southward to about 60 
feet of altitude. On the south it is separated from the mountain 
rock wall by a narrow gully which must either have been kept 
open during the period of deposition or have been excavated 
since by running water. 

The slopes of the deposit are now altogether destroyed except 
for a small length of frontage near the northern end, but this 
portion of the bank is not very well defined—it may or may not 
have been filled in against a mass of ice lying in the river in 
the manner of terraces contemporaneous with glacial tongues 
filling a fiord or gorge. Its structure is more definitely shown. 

The southern broad part of the deposit gave the following 
partial section in one pit from the top down: 
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The face of a large opening at the southern end of the terrace 
in July 1900 showed the following instructive section [fig. 10], 
from which the mode of development of the terrace may be com- 
pared to that of the glacial deltas described on page 80. 

The structure of the Jones Point terrace so far as revealed is 
that of a gravel bar building southward by the carriage of 
gravels over the surface of an embankment which must have 
begun to form where the terrace is tied on to the mountain side 
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at or near its present northern end. These gravels coming to 
repose on the terminal slope under water formed successive 
inclined stratified additions to the deposit in this direction. The 
base of the deposit toward the southern end is sand and fine silt 
or rock-flour almost clayey in consistency. This finer material 
represents that which was washed off to the bottom at the foot 
of the growing embankment this being pushed out into the open 
water in that direction. These materials formed horizontal beds 
in front of the growing deltalike bar and were successively en- 
croached on by the foot of each layer of inclined gravel and sand 
deposited on the growing slope of the bar. In this way origi- 


Fig 10. Section at southern end of Jones Point terrace in July 1900, showing at base 
horizontal beds of (1) sand, and rock-flour, overlain by southward inclined beds (dip 30°), of 
(2) coarse gravel with cobbles up to 6 inches, and (3) fine gravel up to 3 inches. 


nated the unconformity at the base of. the inclined beds. There 
was no erosion of the horizontal beds for they were in the 
deeper water with strong currents moving only near the surface. 

The occurrence of coarse cobbles ranging up to 6 inches in 
diameter in these foreset beds nearly half a mile from the 
northern end of the embankment is evidence of strong currents 
running to the southward and on the concave shore of the 
present Hudson river where under existing conditions or with a 
-higher water level it is difficult to conceive of a current of the 
river working at the level of this deposit being so directed as to 
produce the observed result. There appear to be but two pos- 
sibilities concerning the circumstances of the formation of this 
terrace: either it was built by a strong southward flowing shore 
current during a time when the water level in this part of the 
valley stood about 100 feet higher than now or it was con- 
structed in a glacial side channel at a time when the glacier filled 
the gorge in the Highlands and protruded southward as glaciers 
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now do in the fiords of Norway and West Greenland. The destruc- 


tion of the slope of the terrace facing the river has removed the 
evidence which a former contact with an ice sheet or glacier would 
have left on the river margin of the deposit. 

Terrace in Peekskill. The Hudson river winding through the 
Highlands approaches the southern edge of this broad northeast 
and southwest group of high ridges on a southeast course. No 
sooner is the river out of the mountains than its course bends 
sharply at first to the southwest then more nearly south. At the 
point where it escapes from the Highlands, Peekskill brook de- 
scending from the northeast finds its way into the main stream, 
making a small cove about a mile in length and 4 mile wide deeply 
sunk into the old rock terrace. Between the city of Peekskill 
on the south and this creek or cove on the north stands a hill of 
rock rising to a little less than 400 feet. From the landing in 
Peekskill one may go around the southern and eastern sides of 
this hill into Peekskill brook valley by passing over a divide at 
about 170 feet. From the east a small brook now coursing 
through Peekskill falls into the Hudson at the southern base of 
this hill. On the southern slope immediately overlooking the 
river front at the southern end of a lofty ledge of bare rock which 
forms the western face of the hill is a glacial terrace with a delta 
structure. Well defined foreset beds below dip toward the river, 
and topset beds above incline very gently in the same direction. 
The surface of this deposit is at about 100 feet above the sea level. 
Its existence at this point indicates a stream carrying gravel and 
sand into the Hudson gorge along the south face of the hill. The 
deposit probably originally extended southward across the de- 
pression by which the little brook finds its way through the lower 
part of Peekskill, for on the south side of this valley there is a 
somewhat sloping terrace now at the same level occupied by resi- 
dences. 

There is no evidence clearly bearing on the relations of this 
deposit to the last remnant of ice in the Hudson river, for its 
river edge has been destroyed; but it is evidently a deposit made 
during this early stage of the ice retreat. 

Peekskill creek terraces. In the valley of Peekskill creek, sev- 
eral deposits practically at the same level between 100 and 120 
feet in elevation occur on the north and south banks of the cove, 
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and similar narrow terraces are not wanting farther from the 
main stream on Peekskill and Sprout brooks at gradually in- 
creasing hights above sea level. Those on the north side of the 
cove are best developed; and of these that forming the state camp 
is the broadest of all. I am not able to say how much it has been 
artificially graded. The slope of this terrace with its kamelike 
projections is quite unlike that of normal river-cut terraces on 
the one hand and lobate delta fronts on the other; the deposit 
appears to have been built in the presence of ice partially filling 
Peekskill creek. The same remark applies to the narrow terrace 
at the mouth of Annsville creek near the head of the same cove. 

Roa Hook is an outlying rudely conical hill of glacial materials 
rising to the same level as the terraces in its vicinity. It has been 
opened for gravel and sand. On its top is a fine yellowish loam, 
from 38 to 5 feet thick; below this a dark coarse gravel bed, 10 to 
15 feet thick, in which one large erratic was exposed in 1900; 
below which sands occur in the form of foreset beds dipping south- 
east, making a section about 30 feet thick, Near the railroad 
track sands occur dipping southeast at an angle of 15°. The 
gravels are locally cemented by carbonate of lime. 

The dark shaly pebbles in «these gravels are derived from the 
paleozoic rocks north of the Highlands in the Hudson valley. 
This northern source of the materials and the dip of the sand beds 
to the southeast show the direction of building of the deposit to 
have been downstream. The isolation of this deposit is hardly 
to be explained by the erosion of a once larger and more extended 
mass of glacial gravels and sands uniting all the terraces about 
Peekskill creek in a single deposit. The contours of the slopes 
or bluffs of these terraces as well as the untouched slopes of the 
Roa Hook mass preclude that idea; and the postulate of masses of 
ice partly filling the channel at this point and shrinking away 
from the rock walls here and there and so permitting the build- 
ing up of deltas and terraces by lateral streams to a nearly 
common level meets all the requirements as regards the irregu- 
larity in outline and disposition of the various deposits. 

A notable feature in the deposits of the vicinity of Peekskill 
is the complete absence of the superficial stratified glacial clays. 
Dr Ries has described clays rising about 4 feet above high tide 
level beneath the gravel and sand of the 20 foot terrace south of 
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Peekskill. These clays are probably an extension of the eroded 
ancient clays seen at Crugers. : 
Low level terraces. Again in this vicinity there are to be seen 
small areas of sandy plains stretching between rock outcrops in 
the dissected margin of the river gorge. One of these plains is 


_ well developed about the east shore of Lents cove, from a mile to 


a mile and a half south of Peekskill, with a surface about 20 
feet above the sea. Another small deposit at about this level 
connects Roa Hook with the remnant of a rock terrace on the 
northwest of it. There is required much more evidence as to the 
nature of the original margins of these deposits on the river side 
before it can be asserted that they were or were not deposited in 
the presence of ice remaining in the gorge. They are evidently 
later than the high level terraces which overlook them. 

Terraces about West Point and Cold Spring [see pl. 3, West 
Point quadrangle]. The topographic features of the Hudson at 
Peekskill are partly duplicated between 8 and 9 miles upstream 
within the Highlands in the vicinity of West Point. In this 
bend of the river, West Point with its terrace, takes the place of 
Jones Point, and Cold Spring on the delta of Foundry brook that 
of Peekskill. The ancient rock terrace of the Hudson partly 
masked by glacial deposits both at West Point and Cold Spring: 
somewhat complicates the problem and gives the glacial deposits. 
the appearance of a greater development than they really 
possess. It is interesting to note that Constitution island, a 
rocky mass in the middle of the gorge, is practically free of 
glacial deposits, for reasons which it is believed will es when 
the bordering terraces have been discussed. a Sy 

The West Point glacial terrace rises from 160 to 180 feet above 
the sea. The original character of the deposit is best shown 
north of the West Shore Railroad tunnel from ‘the site of the 
cemetery to the weak morainal deposits at the base of Crow’s 
Nest mountain. The upper deposits in this portion of the ter- 
race are coarse cobbles becoming coarser and the deposit really 
bouldery near the base of the mountain named with a kettle 
moraine topography of weak relief: The railroad cuts north of 
the tunnel expose gravels quite to the river level showing that 
the deposit here is a true glacial terrace and not merely a coat- 
ing of the ancient rock terrace as is the case near the parade 
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ground. There is here indubitable evidence of the deposition of 
the terrace in the presence of a tongue of ice lying in the Hudson 
gorge as Gilbert some years ago suggested. 

On the opposite side of the river below Cold Spring, a terrace 
of glacial gravels forms a counterpart to the terrace at the 
parade ground. It also, rests on and covers over the ancient 
rock bench at this point. Traces of the gravel of this stage 
exist in Cold Spring on the north bank of Foundry brook near 
the mills. 

‘Gravelly water-laid drift also mantles the rock terrace both 
north and south of Highland Falls, and flattish deposits of the 
same character are not wanting on the rock terrace above Gar- 
risons on the east bank of the river. 

The West Point terrace is but the last and lowest of a series 
of deposits marking the dwindling away of the ice tongue which 
filled and pressed through the Highland canyon. Ascending the 
road passing from the soldiers quarters at West Point westward 
along the base of Crow’s Nest mountain, one arrives within a dis- 
tance of $ mile at a small frontal moraine at an elevation of 400 
feet. This deposit, mostly flat topped, is mounded on the 
east and though no section is shown it is probably composed in 
part of outwashed gravel and shoved or dumped materials com- 
ing from the ice sheet when the ice still rose to this hight in the 
valley. 

Going westward to a junction with the Highland Falrs road, 
then 3 mile southeast from the junction, this road traverses a 
distinct moraine forming a spur on the northern side of the 
valley. The deposit is convex downstream and is probably due 
to a lobelet of the ice pushed through this valley to this point 
prior to the halt at the 400 foot contour above West Point. 
These details are mentioned as showing the evidence of succes- 
Sive stages in the melting of the ice in the valley. 

So far as the terraces at the West Point stage are concerned, 
their close approximation in level with the hight of the old rock 
terrace, the filling of spaces in the river bend upstream from the 
projection of the old rock terrace, and the thin veneer of the 
Wapyot this stage over the old rock terraces on both sides of 
the river suggest that the rock terrace controlled the hight of 


*Cited by Dr F. J. H. Merrill, in Am. Jour. Sci. 1896. 41 :461. 
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the terrace building by gravel-bearing streams. This evidence 
is stronger when it is noted that both rock terraces and glacial 
terraces are at this point in the river somewhat higher than at 


Peekskill. The eleyation of the glacial terraces at Peekskill is 


from 100 to 120 feet; in the vicinity of West Point it is from 
160 to 180 feet. Unless there has been a differential postglacial 


uplift of the axis of the Highlands, this difference of level of 


terraces at points about 9 miles apart, appears too great to be 
explained by the normal tilting of the continent on the supposi- 
tion that the deposits were originally made at the same water 
level. If made, however, in ice-confined waters, their difference 
of level is expectable. 

in the view of the terraces at West Point and Cold Spring 
having been laid down marginal to ice filling the channel in the 
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Fig. 11 Cross-section of the Hudson valley at the West Point stage. A, West Point ter- 
race near cemetery; B, Constitution island; C, terrace south of Cold Spring; D, Crow’s 
Nest mountain ; F, ice at stage of the 400 foot moraine; G, ice at West Point terrace stage 


manner of glaciers in the fiords of Norway, the lack of drift on 
Constitution island above referred to is at once explained, 
since it must have been at the time covered with ice, the cross- 
section of the gorge then being that shown in the annexed figure. 

At Cold Spring on the south, facing Foundry cove, is a narrow 
terrace, rising about 40 feet above sea level. 

Partial summary of preceding chapters. The front of the ice 
sheet retreating northward from the terminal moraine and up 
the Hudson valley halted temporarily at Tappan. The extension 
of the ice east and west of this locality is as yet imperfectly 
known. It certainly must have formed a broad sheet, rising on 
the north, over Little and High Tor, and filling the canyon of the 
Hudson in the Highlands if it did not also cover these last named 
elevations. Northward, the broad valley of the Hudson was still 
wrapped in the glacial sheet. 

At Haverstraw and Croton, evidence exists of a temporary halt 
of the ice front, at a time when it had a rather marked convex 
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front as if spreading out on the lowland at the southern entrance 
to the Highland canyon. It is reasonable to suppose that at this 
stage the ice pressing against the northern slope of the Highlands 
and having thinned too much to flow over these ridges forced a 
long tongue through the Highlands comparable to the ice streams 
which are pressed out from the inland ice of Greenland to the west 
coast. With this stage some of the higher terraces and morainal 
deposits in the Highlands may be associated. Later the ice dwin- 
dled away melting at surface and also on its sides thus permitting 
the deposition of gravels and sands about its margins and over 
the rock terraces which-at this stage bordered the dead ice in the 
gorge. With the melting out of this ice, the glacial occupation of 
the Lower Hudson was closed. 

An earlier chapter in the glacial occupation of the lower Hud- 
son valley is recorded in the terminal moraine and possibly also 
in the clays at Haverstraw which are covered unconformably by 
later sands and gravels. If the view be correct that the terminal 
moraine at the Narrows is the so called “inner” or Cape Cod 
moraine and that the “outer” or Nantucket moraine is to be 
found overrun by ice and suffused in the region immediately north 
of the Narrows it is probable that in the lower Hudson valley 
as on the east in Massachusetts the ice advanced some distance 
in taking up its position along both of these ice fronts. Con- 
sidering these frontal moraines as respectively culminating the 
earlier and the later Wisconsin epoch, in the interval between the 
two episodes of southernmost prolongation of the ice front there 
would be opportunity for the deposition of some of the older clays 
which are found as far north as Haverstraw. On the other hand 
it must be recognized that the advance of an ice sheet causes it 
to overrun all deposits which have been laid down in front of it 
in its own time. It does not, therefore, from the evidence at hand, 
appear possible to conclude definitely whether the Haverstraw 
clays pertain to the latest Wisconsin or to an earlier epoch. That 
no clays are found in the lower Hudson overlying the deposits 
contemporaneous with the ice fronts in the Hudson valley, makes 
it evident at once that in this field none of the geographic con- 
ditions have prevailed which produced the widespread clays of 
the upper Hudson valley and the Lake Champlain district. 
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Chapter 3 


GLACIAL DEPOSITS OF THE MIDDLE HUDSON VALLEY 


North of the Highlands the glacial features of the Hudson take 
on a somewhat different aspect from those seen on the south. 
At Newburg and Fishkill glacial clays come to the river front in 
the form of terraces capped by sand and gravel, but gradually 
give way upstream to coarser and coarser stratified deposits, 
till at New Hamburg on the east bank glacial gravels appear like 
those near Peekskill. Thence northward to near Kingston point 
the glacial deposits bordering the river below the 200 foot contour 
are mainly ill defined deposits of gravelly till or rude kames such 
as are laid down where large masses of ice have melted out. The 
molding sands of this district are perhaps of a different origin. 
From Kingston northward to Albany and Troy there comes in a 
remarkable series of clay deposits which everywhere show by their 
surface being free of later drift and by their sharp incision by 
postglacial streams that they are distinctly later than the occu- 
pation of the valley by the glacier or its remnants and that they 
are, in fact, the most recent of the series of deposits which are to 
be associated with the disappearance of the ice. It remains to 
set forth what has been learned concerning the retreat of the ice 
sheet from the Hudson valley between the Highlands and the 
Mohawk north of Albany. 

Cornwall terrace. On the west bank of the Hudson at the 
northern portal of the Highland canyon is the heavy deposit of 
gravel which constitutes the Cornwall terrace. The materials are 
very welj shown in the cut bluff at the railroad station near the 
river. The materials all show signs of strong water action but 
not without the presence of ice. In the road up the hill from the 
railroad station a boulder 6 feet long was exposed at the time of 
my visit. The top of the terrace slopes toward the river and is 
covered with coarse drift. It is difficult to arrive at any satis- 
factory conclusion concerning the level of standing water at 
this stage from the remnant of the terrace. The surface 
as it exists may have been shaped. above the level of the water 
in the Hudson gorge. The altitude of 170 feet is attained by the 
flat surface somewhat back from the brink of the bluff. On the 
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whole the deposit bears the closest analogy to the high terrace at 
West Point at the base of Crow’s Nest mountain and occurs just 
where the waters ponded in the Walkill valley would escape along 
the ice border at the most favorable stage into the Hudson gorge. 
The much lower level of terraces on the north at Roseton and New 
Hamburg compels the belief that all the terraces in the Hudson 
gorge were deposited along the margin of a local protrusion of 
the glacier and thus lie above the level which standing water in 
the open gorge would have assumed at this time. 

Northward near the mouth of the Moodna kill where the terrace 
still has an elevation.of 160 feet there is a deposit of gravel and 
sand overlying stratified clays. The interesting terraces in this 
part of the kill are described on page 199. 

Newburg terrace. The city of Newburg on the west bank of the 
Hudson is built on a splendid terrace whose structure and conse- 
quently its glacial history are somewhat complex. 

The terrace is most perfect on the northern bank of Quassaic 
creek where its elevation is about 150 feet. The front facing the 
river appears to have been eroded by the natural action of the 
river, though it is now largely artificial by reason of railway exca- 
vation and buildings which have been arranged along it. 

Setting out from Washington’s headquarters, the geologist pro- 
ceeding southward traverses a depression leading to the river, 
beyond which he surmounts the best preserved portion of the 
terrace, which in an east and west section shows the profile given 
in the figure on p.117. In this section, the terrace presents 
the form of a glacial plain, deeply cut away on the outward or 
river side, and bounded on the west by topographic features which 
are distinctly due to the deposition of the materials in the pres- 
ence of ice in the valley of Quassaic creek. The head or iceward 
margin of the plain is slightly mounded ag if by the pressure of 
the ice, and the slope into the valley on the west is cast in the 
form of kames and mounds. In fact the country on the west and 
northwest as viewed from the terrace presents a field of kames 
drained by the Quassaic quite as distinctly contemporaneous with 
the ice sheet as those which have been described in the valleys of 
the Chenango and other streams. 


*Brigham, A. P. Glacial Flood Deposits in Chenango Valley. Geol. Soe. 
Am. Bul. 1897. 8:17-30. 


ee 


M4 
} 
= ’ 


- _ PART OF THE NEW 


a N.Y. STATE MUSEUM 


=, ; 


BURG QUADRANGLE 


BULLETIN 8 


\\ 
\\ 


ZZ 


fa 


PLATE 4. 


TERRACES BETWEEN NEWBURG 


SSS SSS Le 
AND CORNWALL 
Scale Sete 


5 oO = ale 2 Miles 


Contour interval 20 feet. 


Datum ts mean sea level . 


50K 
SSyenle nase 1 KRIS 


High level Ice-contact 
terrace deposits. deposits. 


WW HI 


60-foot 


100-foot 
Terrace. 


Terrace. 


ANCIENT WATER LEVELS OF CHAMPLAIN—HUDSON VALLEYS 117 


The kame or ice contact slope of the terrace is strewn with 
angular stones up to 6 inches in diameter. A block of limestone 
lies in the morainal belt near the railroad, also ice-scratched 
pebbles and boulders up to 2 feet in diameter occur near the Bay 
View terrace. 

The structure of the terrace shows that it is composed in part 
of clays and in part of sands and gravels. South of Washington’s 
Headquarters Museum the clays appear to rise not higher than 380 
feet above the river. Other points reveal a yellowish oxidized clay 
top in the plain with gravels in foreset beds beneath. 

On the south side of Quassaic creek well defined foreset beds of 
gravel and sand form the principal part of the section down to 


Fig. 12 Terrace at Newburg N. Y. Q, valley of Quassaic creek 


the level of the West Shore Railroad tracks. These foreset beds 
dip eastward into the river gorge, showing that the terrace was 
built outward in that direction by the flow of water from the ice 
front lying back of the terrace [see fig. 12]. 

Another partial section on the north side of Quassaic creek, 
showed the following details. 


LOCAL SECTION IN NEWBURG TERRACE 


Feet 
era Wea eS UTReC lat ila res) rite Hall). aes BSF ares oi eid vt ares 1 
Pena Serie ANE .s4 ead. desis ets 4 nein sh ew 7. 1 
Cas nraeiiedta Mit) Gay say. e tse. teed via Wl. eeu > ord os 8 
Piney OV tetova ate OM bk A lait donk 4B 1.5 
Gravel, fine shaly river pebbles.......... Ae wi mawahe las t 2 
ing 1abOUeITI VEU hiesd Sal? 41 ii2e cal hol. Soest aG about 60 


These clays near the railroad track dip gently east and appear’ 
to be locally eroded. This erosion is further evidenced by the 
manner in which they are replaced by gravels and sands with fore- 
set beds south of Quassaic creek. The interstratification of sands 
and clays in the above partial.section is instructive as showing 
that clay making went on evidently at this stage in close 
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proximity to the ice front. This is a particularly important con- 
clusion in its bearing on the clays shown on the opposite side of 
the river at Fishkill Landing. 

The clays at Fishkill and Dutchess Junction border on the 
river and are apparently free from overlying gravels and sands; 
but higher up at 140 to 160 feet are sandy terraces apparently 
referable to the Newburg stage. The details of glacial structure 
here require further study in the light of better sections than 
those exposed in the season of 1900. Enough is known however 
to show that after the ice front had withdrawn to the north side 
of the Highlands, it lay along the western side of the river at the 
back of the Newburg terrace while deposits of gravel, sand and 
clay were making in the Hudson gorge in front of it. 

The southern end of the ice at this stage lay near West New- 
burg. Marginal kames occur between Newburg and Dickson 
“lake. At the base of Snake hill there are morainal mounds cury- 
ing eastward. At Windsor station one appears to be outside of 
the frontal moraine. An old overflow channel or crease is well 
shown + mile southeast from the railroad station west of New 
Windsor. It runs through the southwestern part of a cemetery 
at an elevation of 140 feet. The channel is from 300 to 400 feet 
wide, cut in outwash sands which rise in the southern part of 
the cemetery to the hight of 160 feet, showing that while the 
ice still remained in this field the level of standing water in the 
neighboring river was much below that of the 160 foot terrace. 
Terraces made in the presence of ice are invariably above the 
level of standing water in the extraglacial region. From the 
facts at New Hamburg described below it would seem as if the 
water in the open Hudson gorge was at this stage not much 
above 100 feet higher than it now is. 

North of Newburg the surface facing the river on that side has 
an eroded appearance, blending with the glaciated region of the 
western side of the valley. It suggests to the eye the occupation 
of this part of the valley by the ice while the Newburg terrace 
was forming; in other words, the ice front here approached and 
crossed the river. That it crossed the river somewhere between 
this locality and New Hamburg is shown by the decisive evidence 
as to the ice front at the latter place. 
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Roseton terrace. This terrace is composed of coarse gravels 
dipping south in a cross-bedded structure. There are signs also 
of inthrusting of drift from ice movement [sce pl. 5]. 

Danskammer terrace. The surface of the Danskammer terrace 
shows some erosion. It is capped with sand. The lower 
part of the terrace is blue clay. The elevation is about 90 
feet. The strong contrast in the physical features of the Rose- 
ton and Danskammer terraces is rather typical of the abrupt 
horizontal changes met with in successive deposits seen within 
the gorge. The Roseton terrace can not be attributed to a river 
A oe to an estuary after the disappearance of the ice. It 
appears to have formed between the west wall of the river gorge 
and ice still lying in the district. The southern end of the Dans- 
kammer terrace immediately north of the Roseton deposit and 
at the same level points to more open conditions, and presumably 
is to be correlated with the outwash from the ice at the New 
Hamburg stage of the ice front [see pl. 5]. 

New Hamburg glacial deposits [see pl. 5]. From Newburg 
the gorge of the Hudson trends n. n. e. for 6 miles to New Ham- 
burg on the east bank. Between these two points a few well 
defined terraces extremely localized occur as at Roseton and near 
Danskammer light on the west bank with surfaces between 80 
and 100 feet above sea level. At Carthage Landing, a 20 foot 
terrace has a marked development. 

At New Hamburg, Wappinger creek falls into the Hudson 
finding its way thereto through a considerable development of 
glacial gravels and sands which are well exposed in terraces 
about the pond at Wappinger falls and in the banks of the 
stream between that point and the Hudson river. At the vil- 
lage of New Hamburg these glacial gravels take on the form of 
a delta terrace deeply dissected by the Wappinger creek, and 
have a sharply marked ice contact slope on the western and 
northwestern margin of the deposit. The carriage road leading 
from the village northeastward to the top of the terrace has this 
ice contact slope on the right hand till the road surmounts the 
100 foot contour line; thence the terrace is traceable along the 
river edge on the left hand, showing clearly that the ice front 
was at this point on the east side of the river probably crossing 
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to the west just above the mouth of Wappinger creek, and ex- 
tending to the west of Newburg as above indicated. 


It is worthy of remark here that the United States Coast Survey — 


soundings of the bottom of the Hudson show a well marked ridge 
crossing the Hudson from the north side of Sherman’s dock 
about 1 mile north of the steamboat landing at Newburg in a 


northeasterly direction to the east shore. Over this ridge the 


Fig. 13 Sketch map of the bed of the Hudson near Newburg N. Y., showing bar 
crossing the bottomof the Hudson. Figures indicate depth of waterin fathoms. Con- 
structed from United States Coast Survey chart no. 371 


depth of water is 6 fathoms. North and south of this bar the 
channel falls off to depths of 74 on the north and 8 fathoms on 
the south and these depths are maintained for several miles up 
and down the river. There is no réason for Supposing that this 
bar is a normal feature of the development of the river, and it 
is explicable apparently on one of two hypotheses, either that it 
is due to a reef of rock less eroded than the rocks north and 
south by glacial action in the channel or that itis a deposit made 
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along the ice front at the time it crossed the river. The general 
form of the river bottom in this vicinity is shown in the sketch 
map, figure 13, in which contour lines have been introduced from 
the soundings given by the coast survey. 

From this point northward, it seems best to trace out the ice 
front thus indicated on the east bank of the Hudson since it 


_ presents a series of glacial deposits essentially contemporaneous, 


after doing which the features of the Hudson gorge may be 
resumed from the same point of departure. 

Ice edge of the Newburg stage north and east of New Ham. 
burg. The reconnaissance made of the Hudson valley has suf- 
ficed to trace the eastern border of the ice mass which lay in the 
valley north and west of the Highlands nearly to Troy, though 
it is probable that the facts relied on for evidence on the north 
pertain to somewhat earlier and later positions of the ice than 
that shown at New Hamburg. 

Lateral kame terraces. Between New Hamburg and Pough- 
keepsie [see pl. 6] there are terraces with kame kettles showing 
the site of remnant blocks of ice, and having steep ice contact 
slopes facing the Hudson river, the assemblage of structural and 
topographic features indicating that the ice overlay at this stage 
the eastern bank of the Hudson for distances varying from 4a 
mile to about a mile as far north at least as Staatsburg. The 
kettle plains of this stage are well developed along Fallkill 
creek north of Poughkeepsie. Further traces of the ice border 
are found in the southeast corner of Red Hook township 1 mile 


- northwest of Rock City at an elevation of about 320 feet. 


Further north in the southern corner of Livingston township 
the topographic map shows clearly the existence of another 
deposit along this line of ice front at an elevation of from 280 
to 300 feet in the course of Roeliff Jansen kill. Going still 
further north, and at an increasing distance from the river, 
these kettle plains take on their most distinct and continuous 
development [see pl. 7] from near Bluestore to and beyond 
Livingston. A typical view of the belt may be had near the rail- 
way station at Elizaville. The ice contact slope has been locally 
cut back by the stream at this point. The terrace lies at a dis- 
tance of from 5 to 6 miles east of the river, with its base ap- 
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proximately at the 200 foot contour line. The Roeliff J ansen kill 
appears to have discharged against the ice edge and contributed 
to the building of this remarkable deposit. The terrace is high- 
est where the river now intersects it and declines in level north- 
ward. At Cokerville 2 miles south of the kill there is a fragment 
of the terrace which lies still higher. The question of the atti- 
tude of the surface of these deposits in relation to contempo- 
raneous water levels and the precise attitude of the land at this 
stage has not been as yet investigated. Presumably the drainage 
along the margin of the ice at this time was southward. 

According to the topography of the Kinderhook quadrangle 
by Mr C. C. Bassett, the Livingston lateral glacial deposits with 
kame kettles appear to be continued across this district at a 
slightly increasing distance away from the river as they are 
traced northward. The map shows a large ice block hole be- 
tween Ghent and West Ghent at an elevation of 350 feet. Due 
north of this locality about 10 miles is a large ice block hole of 
irregular shape nearly 2 miles in length in which lies Kinder- 
hook lake, with its water level at 288 feet. The surface of the 
neighboring plain at Niverville is 328 feet. South and east of 
this ice block hole are depressions indicating the deposition of 
the surrounding sediments in the presence of melting blocks of 
ice. Similar small kettles are shown along the Valatie kill north 
of Kinderhook Jake, and they occur also northwest of this lake 
at elevations between 280 and 340 feet according to the map. I 
have interpreted these phenomena as indicating that the eastern 
border of the ice at the Newburg stage or approximately at that 
stage extended along the line of these kettles and that the 
marginal ice was suffused with drift washed in along the border. 
It also appears that the later Albany waters could not have de- 
posited sand and clay so high as these kettles else the depressions 
would have been filled. Kinderhook lake is decisive on this 
point. 

Schodack glacial terrace. The above described deposits are con- 
tinued on the north in the deltalike terrace of the Moordener kill. 
The upper terrace between Schodack depot and Schodack Centre 
rises to the hight of about 340 feet on its outer margin overlooking 
the lower terrace about Albany. Its inner margin is about 360 
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feet above the sea. The terrace has a distinct westward extension 
along the path now followed by the Moordener kill, and has the. 
form of a delta built by this stream at this level but at a time 
when remnants of the ice sheet still filled the bottom of the 
Hudson valley in this region. The evidence of this lingering ice 
is found in several remarkable kettle holes bordering the stream 
and in the contour of the western front of the terrace which is 
strongly suggestive of an ice contact slope [see pl. 8]. 

The kettle holes in the delta are broad deep depressions with 
ice contact slopes having narrow gaps in each case on the side 
toward the stream. Two of these kettle holes are north of the 
stream, a large one forms a deep reentrant on the south bank. 
This last kettle hole is depressed below the rim of its outlet gap 
but contains no standing water because of the permeability of 
the gravels. North of the Moordener kill and south and west of 
the Schodack road, kettlelike depressions in the plain indicate 
the extension of the ice remnants in that direction. /Yet another 
broad depression lies on the north side of Vlockie kill at the base 
of the hilly ground; and still another depression occurs to the 
south of this brook, 

Moordener kill has partly dissected this high level delta terrace 
and sunk its bed on the rock at three points between 120 and 150 
feet above the sea. The thickness of the deposit is evidently about 
100 feet. 

Northward the delta terrace is traceable as a narrow shelf of 
drift to and beyond East Greenwich, where on the west of the 
turnpiked road kettle holes again appear indicating deposition in 
the presence of masses of ice. Beyond this point, north of Mill 
creek, the terrace is not definitely traceable. Southward the 
terrace front retreats toward the hilly country and is not more 
than 4 a mile wide where traversed by Vlockie kill, and it extends 
south of this stream between the low till-covered hills to an 
apparent end at the southern limit of the Troy quadrangle. 

The slope by which this terrace drops off to the level of the 
broader and smoother terrace adjacent to the Hudson river is 
singularly regular specially between Moordener kill and East 
Greenwich, At a few points along this slope the topography 
bears indubitable evidence of having been molded in the presence 
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of a glacier margin. The beachlike evenness of the contour of 
‘the base between the 260 and the 300 foot lines, the overlapping 
spitlike projection extending from the base of the upper or Scho- 
dack terrace southwestward on the north bank of the Moordener 
kill to Schodack Depot, as well as the character of the drift along 
this slope at the level named, are strongly suggestive of a water 
level between 260 and 280 feet. Between these two levels the bed 
rock is exposed in low ledges as if from the effects of wave strip- 
ping. The annexed diagrammatic section east and west in the 
latitude of Vierda kill illustrates the relation of the Schodack 
terrace to the lower terrace confronting the Hudson gorge.. 
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Fig. 14 Cross-section of delta terrace, near Vierda kill. K, kettle hole 
the Hudson valley there is a small dissected terrace at the mouth 
of Oniskethau creek with its base resting on the old valley floor 
of the Hudson just west of the village of South Bethlehem. This 
terrace likewise rises abruptly from the low broad clay plain 
adjacent to the Hudson trench to the hight of 260 and 280 feet 
above the sea. The large remnant of the deposit on the south 
bank of the Oniskethau is totally unlike an ordinary delta built 
in an open water body. The outer margin overlooking the clay 
plain has a raised rim with a gentle slope for some rods back 
to the westward or upstream and the surface of the terrace is 
strewn with angular blocks many of which have now been gath- 
ered into fences. The long bar rising to the hight of 260 feet on 
the north bank of the stream is gravelly on its western Slope but 
coated with till on the slope toward the valley in the manner of 
an ice contact, In fact, every feature of the outer slope of this 
terrace indicates that the deposit was made in a depression. be- 
tween the hills and the ice margin when the glacier filled the 
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Hudson valley in the manner shown in the accompanying dia- 
gram [fig. 15]. 

It will be noted from the account which follows that these two 
terraces accord closely with the level of free deltas farther north. 
Tf these terraces were made in open water, it must have been 
during a temporary retreat of the ice tongue which lay in the 
valley, a readvance of which produced those aspects of the de- 
posits as they now exist which point to deposition of the 
materials about their outer margins in the presence of ice. The 
limit of construction by water action in the South Bethlehem 
terrace was apparently a local affair. This appears evident 
from tracing this ice mass around the base of the hills bordering 


Fig. 15 Cross-section of glacial deposit in Hudson valley from Schodack Depot to South 
Bethlehem, showing glacial terraces where the Moordener kill and Oniskethau creek 
mouthed or the ice border. The rock terrace is covered by clays of later deposition. 


the west side of the Hudson valley past Feura Bush and New 
Scotland to the upper valley of Vly creek southwest of Voorhees- 
ville. In this region the escarpment of the west wall is in- 
dented by the New Salem valley drained by the creek named. 
When the ice retreated from the upland and its southern margin 
lay at this point, a barrier was created across the northward 
drainage of the Vly creek, holding up its waters in a temporary 
lake probably to the hight of the divide between it and the 
Oniskethau, about 480 feet above the present sea level. The 
west branch of Vly creek (see the Albany quadrangle) flows in a 
' depression approximately along the line of the ice front at this 
stage. From the south bank of the creek, rises a terrace of 
glacial materials which attains an elevation of 400 feet, at a 
point west of the junction with the south branch of the same 
stream. This plain is a rude delta built into the lake at this 
stage. The outflow of this lake took place apparently through 
the Oniskethau and thence contributed somewhat to the terrace 
building at South Bethlehem. These trivial details have been 
presented as showing that deposits which are here indicative of 
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water deposition at levels 120 feet apart were presumably con- 
temporaneous and made in the presence of ice-constrained 
waters above the level of the sea. ; 

Kettle terraces of Sandlake and Poestenkill. From 7 to 12 
miles north and east of the Schodack deposits and at a much 
higher elevation, the topographic map in the towns of Sutton 
and Jennings shows contemporaneous glacial terraces developed 
along the course of the Wynant kill and Newfoundland creek. 
The surfaces of these deposits are at various levels from 520 to 
720 feet. They clearly pertain to an earlier ice margin than 
that nearer the river at Schodack and are far above the water 
planes of the valley subsequent to the disappearance of the ice 
sheet over the region south of Albany; but no examination of 
them has been made in the survey on which this report is based. 

Having followed now from Newburg to the vicinity of Albany 
a series of deposits contemporaneous with the retreating ice 
sheet or tongue in the Hudson ‘valley it is necessary to note 
other deposits in the same portion of the valley but nearer the 
river or in a doubtful relation to the ice sheet. These notes are 
concerned with a few typical cases only. 

Arlington clay deposit near Poughkeepsie. South and east of 
Poughkeepsie as noted by Ries there are clays which are worked 
at Arlington with their surface at or about the 180-foot con- 
tour line. The precise stage to which this deposit belongs has 
not been definitely determined, but its position and association 
with the intraglacial debris which covers the terrace of the 
Hudson from the lateral terrace delta at New Hamburg north- 


ward shows that it is at least as old as the occupation of the - 


valley by the Newburg ice remnant, but it may be an earlier body 
of clays. That the clays do not belong to the Albany stage is 
quite evident from the general distribution of glacial deposits 
in the vicinity. . 
Port Ewen deposits. Port Ewen lies on the south side of the 
mouth of Rondout creek. The terrace deposits here have an ele- 
vation of 150 feet, consisting of boulder clay below with striated 
stones, the blue clays and sand at top. The underlying till is very 
stony and gravelly, and may be seen in the bank as high as 30 feet 
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above sea level. Its contact with the overlying clays was nowhere 
well exposed at the time of my visit. 

The top sands appear to follow the clays naturally as the result 
of shoaling water and the pushing out of the ancient delta of 
Rondout creek. It is noticeable that the sand beds have been cut 
out from time to time to the depth of 3 or 4 feet and as rapidly 
filled in by the continued transportation and deposition of sands 
from the same general source. The dominant cross-bedding in 
these sands displays a southeastward dip, but sections are ex- 


posed in which the opposite direction may be observed, from which 


it is to be inferred that the currents which carried the sand were 
subject to changes in direction. The almost complete absence of 
pebbles in this deposit is indicative of weak bottom currents at 
this level and as well the want of floating ice by which such coarse 
particles are often distributed. 

Rondout terrace deposits. One sees two terrace levels about 
Rondout. A lower one is very well marked north of the ferry 
landing at about 50 feet above tide, the higher one occurs at 
200 feet. A trench 4 feet deep in fine sand was exposed at the 
time of my visit at 51 Abruyn street near East Union street on 
the 50 foot terrace. This lower terrace is so much built over that 
its precise nature is in doubt. Toward the rock cliff and just 
north of the old cement quarry drifts, sand, composed in part of 
white quartz grains and hard shale bits, occurs as high as 100 feet 
and fragments of probably the same deposit rise to 120 feet. 

Toward the north the 200 foot terrace shows gravel under the 
clayey sand of its upper section. So far as I was able to observe 
the clay is wanting in the immediate vicinity of the mouth of 
Rondout creek on the north; but at Kingston Point the clay ap- 
pears and just south of the Terry hill triangulation station ex- 
tensive clay banks have been opened. 

In the Hutton Co.’s yard there is a topping of from 35 to 40 
feet of sand, sometimes cross-bedded, with dip of cross-beds to 
the northeast. A lower part of this sand may fairly be described 
as clayey sand, pointing to a gradation into the purer clays 
beneath. 

The clays are blue, with fine, white, micaceous sand bands vary- 
ing in thickness from 14 inch to 1 inch or even thicker. Thin 
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‘bands of the sand may be seen separated by layers of clay from 4 
inches to 1 foot thick. 

In the Terry bank, the top of the terrace is delimited by the 220 
foot contour line. The clays have accumulated against a per- 
pendicular wall of the limestone, and there is a topping of over 
30 feet of sand. The clay bands in this bank are only about half 


as thick as those in the yard farther south and nearer Rondout © 


creek. 

The dominant southeastward dip of the cross-bedded sands on 
the south of Rondout creek at Port Ewen, and the northeast direc- 
tion of the similar.structures on the north of the mouth of that 
stream indicate the radial development of the clays and sands 
about Rondout through the discharge of the creek into a body of 
water whose surface was at least 200 feet above the present sea 
level at this locality. 

For several miles north and south of Kingston and Rondout the 
200 foot contour line marks the break between the upper surface 
of the flats of clay, sand, or gravel which encompass the bases of 
the rocky ridges and lesser hills of bed rock. 

Along the creek west of Kingston, gravels with coarse boulders 
rise above flood plain level. In a section 30 feet thick, a stratitied 
gravel knob with boulderets up to 2 feet in diameter was seen 
capped by clays and sands, the summit of which did not rise above 
the 200 foot line. These coarse cobblestones are doubtless to be 
attributed to deposition by streams from the melting ice and 
therefore may be referred to an earlier epoch than that of the 
clays and sands. 

We return now to the glacial deposits underlying the clays. 

Meadowdale stage. About 1 mile south of Meadowdale on the 
western border of the Albany quadrangle there is a local morainal 
deposit with knobs and basins partly till and partly washed 
glacial drift the stratified components taking on a terraced form 
between the 280 and the 400 foot contour lines. Deposition eyi- 
dently took place in the presence of the glacier immediately after 
the retreat of the ice from the New Salem lake barrier. This 
moraine or kame moraine merges eastward into a broad sand 
plain at about the 360 foot level. Kames and ridges of gravel out- 
line its margin on the north. Across a depression on the east 
of it another small plain has developed at about the 240 foot 
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_ heesville to Meadowdale. 
_ This falling off in the level of terrace and sand plain building 
from west to east, from 880 to 860 and then to 340 feet indicates 
- a lowering of the water level dependent on the opening of lower 
A gaps between the ice front and the escarpment on the east. These 
levels of construction so like the effects of ice-confined waters are 
within the zone of altitude affected by ice on the east bank of the 
Hudson in the Schodack district and lie above the broad clay 
plains immediately west and south of Albany and are thus clearly 
| above any marine limit which has left a mark in this field. 
At South Bethlehem the upper level of these Albany clays is 200 
feet, near Voorheesville it is about 300 feet; in the dunes south of 
Schenectady the hight is about 560 feet, the precise elevation 
having been affected by the erosion and deposition of the fine sands 
by the action of winds in the postglacial epoch. The rate of fall 
from Voorheesville to South Bethlehem is about 1 foot to the mile 
for a distance of 10 miles, from the vicinity of Schenectady to 
Voorheesville a rate of somewhat less than 1 foot in a distance of 7 
- mniles. 

North Albany gravels. Between Albany and Loudonville on the 
north side of Patroons creek there is a high ridge of morainic 
aspect with long kettles and a boulder-strewn surface. These 
general characters are traceable northward beyond Ireland 
Corner. This deposit certainly antedates the Mohawk delta stage, 
and indicates by its form and structure that it was made during 
the occupation of the valley by ice, and is undoubtedly to be corre- 
lated with the lateral glacial terraces at Schodack and South 
Bethlehem or to a slightly later stage. The rise of the ridge to 
360 feet or over in close accordance with the level of the Schodack 
terrace suggests that the remnant of the glacier in this district 
may have been sheeted over with flood plains of gravel, while the 
depressions were filled with the same material. 

At the southeastern foot of this ridge in North Albany the 
clays are seen resting unconformably on these older glacial grav- 
els. The gravels are locally very coarse and bouldery, layers of 
small boulders up to 1 foot and even 15 inches in diameter being 

: seen well up in the section. The beds have a strong dip toward 
a depression on the north of this locality as if they had settled. 
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~The relation of the clays to the older gravels shows that the 
gravels were cut off on the south by running water so as to form 
a well defined bank, Down this bank cobbles and boulders rolled. 
Subsequently clays began to deposit in horizontal layers against 
the bank, indicating a change from powerful streams of water 
running over the surface and cutting deeply into its drift deposits 
to a time of quiet silt-laden waters. 

Further indications of the mode of building of these older 
gravels occur in a pit in the same vicinity. The structure is that 
of an aggraded deposit of gravels with extremely coarse lenses 


Fig. 16 Cross-section of aggraded glacial gravel deposit at North Albany, showing 
lenses of coarse gravel in old stream bed. [See also pl. 9] 


showing where the stream bed as it wandered from point to point 
in the building up of the deposit happens to appear in the cut. 
The above figure illustrates the general cross-section of the pit. 
Mohawk delta, The extensive sand and clay plains developed 
on the Albany and Schenectady quadrangles in the towns of 
sethlehem, Guilderland, Watervliet, Niskayuna and Rotterdam, 
south of the Mohawk river, form an ancient delta of that river 
and are the most extensive deposits of this nature in the Hudson 
if not also in the Champlain valleys, The deposit, clayey below 
and near the Hudson gorge, gives way to sands toward the north- 
west and in the upper sections. Along the Hudson gorge the 
deposit fills in depressions in the rock bench and mantles this 
older topography except at such localities as the Abbey at Glen- 
mont. The average elevation of the surface from Albany south- 
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ward at the brink of the gorge is now 200 feet. The surfaces 
rise northwestward to an elevation of about 350 feet near Schenec- 


tady. Between Schenectady and Albany the surface is mantled 


with extensive dunes of fine sand whose elevation rises to 400 feet, 
causing a postglacial elevation of the surface in this district by 
accumulation at the expense of the elevation of the deposit farther 
west near Schenectady. The Mohawk river now flows on the 
north of this delta. As will be noted in the account of the 
region north of the river the delta appears not to have been de- 
posited in that district for the reason that it was covered by ice 
at the time the delta was building, 

The present course of the Mohawk from Schenectady eastward 
is in a rock gorge separated, along the northern border of the 
town of Niskayuna, from the delta plain by till-covered ground 
rising above the delta level. At Alplaus! the Ballston channel 
extends to the north and east. The history of this network of 
drainage lines including the Ballston channel, and the Round 
lake drainage, has not been fully investigated. It seems clear 
however that the Mohawk delta began to make when the retreat 
of the ice sheet opened a passageway along the area covered by 
this deposit, and that the waters coming through the Mohawk 
valley pursued this course while the delta was building. Ata 
later time when the ice melted away from the northern border 
of Niskayuna it left a tract at a lower level than the surface of 
the delta on the south and the river naturally began to flow 
along the course it now pursues below Schenectady. 

It is difficult to fix any definite water level by the present eleva- 
tion of the Mohawk delta. Certainly its lower clayey border near 
the Hudson river was under water during the stage of deposition. 
Presumably its upper stretches were not under water except in 
floods. 

From a comparison of the neighboring evidences of shore lines 
indicated by small deltas and the upper limit of clays, I have 
hesitated to place the average water level above 320 feet, 

Summary of the Newburg and related stages. Though the 
western border of the glacier which lay in the middle Hudsox 
valley between Albany and Newburg has not been definitely 


1This is the present corrupted spelling of the place originally called 
Aalplaatz—a good place for eels. 
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traced, the evidence on the east of the valley in the fc 


ills. 
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Fig. 17 Sketch map designed to show manner in which the glacier retreated in the 
Hudson valley. A, ice front at Tappan N, Y.; B, protrusion of glacier through the High- 
lands to Croton point; C, a later stage in the same; D, same stage as C when the ice still 
filled much of the lowland north and west of the Highlands; BE, the Newburg stage. The 
western limits of the ice at the Newburg stage are conjectural. Definite margins of the 
ice on the eustern side are shown by ice contacts at ¥F, ¥, FEF. Vertical ruling in areas over 


1000 ft in elevation 

over the gorge and for some miles east of the present river hold- 
ing up the drainage of the side streams for a time, giving a 
more or less definite belt of deposits traceable northward as 
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far as the vicinity of Troy. The kettle holes in these terraces 
mark the sites of blocks of ice which melted out after the 
deposition ceased. Had the blocks melted out before deposition 
stopped the hollows thus formed would have been filled with 
gravel. and sand. The deposits likewise serve to show that 
since the kettles took on their present shape the region in which 
they occur has not been subjected to sediment-bearing waters, 
and hence it is to be inferred that the lake stages which 
developed in front of the retreating ice sheet in the Hudson val 
ley did not rise so high as these deposits. How long the buried 
ice remained after the withdrawal of the glacier from the terraces 
is not precisely known. But it does not appear likely that the 
ice remained in these positions during the subsequent lake stages 
whose duration as will be seen from the evidence here submitted 
must have been considerable. 

North of Newburg the immediate banks of the Hudson exhibit 
stages of retreat of the ice in coarse gravels as near Staatsburg 
and Hudson with correlated finer deposits on the south of each 
such section, separated in many instances by banks of the old 
gorge in which till alone mantles the wall. 

Where large streams enter the gorge as at Rondout, Kingston 
and Catskill there are also deltas with appropriate deposits. 
Clays are present in the southern part of the middle Hudson 
valley but they are subordinated to local deltas and to local 
stages of deposit in front of the retreating ice as is also the case 
throughout the river valley south of Newburg to the sea. 

From somewhere near Kingston and Rhinebeck, clays begin 
to form a mantle along the rock terraces of the Hudson covering 
all the coarser deposits made in the gorge or over the immediate 
banks during ‘the retreat of the ice from this vicinity northward 
to the Mohawk. ‘This limitation of the clays was early recog- 
nized by Mather. The body of the clay is evidently to be cor- 
related with the Mohawk delta and that with the discharge of a 
large body of water into the Hudson valley from Lake Troquois 
on the west, a matter which is considered more in detail in a 
following chapter on Lake Albany. 

Later stages of change in the valley are shown by low terraces 
partly within the gorge of the river and by the excavation which 
has taken place in that trench. 
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Chapter 4 
GLACIAL DEPOSITS OF THE UPPER HUDSON VALLEY 


From Albany northward the precise position of the ice front 
at its several successive stands in the retreat is frequently a 
matter of conjecture in the immediate vicinity of the Hudson’ 
gorge owing to the extensive water action which has followed 
the retreat of the ice from this district. In the following notes 
the geographic order is generally adopted as the basis of descrip- 
tion. At many of the localities the deposits recorded and the 
topographic features noted pertain to widely separated events. 

Hoosic delta. The Hoosic, the largest tributary of the Hudson 
river from the mountainous belt on the east, enters the Hudson 
gorge a few miles north of the mouth of the Mohawk and nearly 
opposite the Round lake channel at Mechanieville. The approxi- 
mate apex of this delta is at Schaghticoke at an elevation of 
360 feet. The Hoosic has sunk its bed deeply within the delta 
and the clays which border the Hudson gorge, turning to the 
northwest, a course which it has pursued since dissection began. 
There is a probable ancient temporary channel on the southeast 
border of the delta followed by a railroad between Melrose and 
East Schaghticoke stations. The bottom of this trench is about 
350 feet above sea level. This rather marked deflection of the 
stream as it now runs to the north can not conclusively be stated 
to be due to the same cause as that which has been advanced for 
the position of the Mohawk on the northern side of its ancient 
delta. The dissection of the Hoosic delta is considered on page 200. 

Above Schaghticoke with the falls in-the stream there are two 
notable features: on the southeast the flats of Tomahawk creek 
extending nearly to Raymertown and on the northeast the 
glacial terraces bordering the Hoosic river to-and beyond the 
limits of the Cohoes quadrangle. Thesé terraces with an eleya- 
tion of about 400 feet at Valley Falls, 4 miles farthér east rise 
to 420 feet. They are sharply trenched by the Hoosie with lateral 
gullies. They are evidently flood plain deposits or parts of a valley 
train whose surface from Schaghticoke eastward lies above the 
level of the water body into which ‘the river at one time dis- 
charged. Their levels have therefore been neglected in the con- 
sideration of the problem of water levels in the Hudson valley. 


“PART OF THE COHOES QUADRANGLE 


BULLETIN 84. PLATE 10. 


N.Y. STATE MUSEUM 


Ze 


OF THE HOOSIC RIVER AND THE OUTLET — 


The delta of the Hoosic is largely clay and has been deeply dis- 


sected by 


DELTA 


kill joins the Hudson through a trench cut in the Albany 
drains an-unfilled depression on the west (see Plate 1). 


Anthony 
clays and 
The clay 


OF ROUND LAKE (ANTHONY KILL) 


streams (see Plate 25). The broken terrace of gravels on 


, much dissected by 
f Lake Albany 


streams, are characteristic features of the bottom o 


of the map © 


the north bank of the river from Valley Falls to the limit 


ae 
62500 


Seale 


plains on either side of the Hudson 


is a remnant of the bed of the river formed after the freeing of the 


stream from the ice- 


sheet. 


Contour interval 20 feet. 


Datum is mean sea level. 


ANCIENT WATER LEVELS OF CHAMPLAIN-HUDSON VALLEYS 135 


A 
cs West bank of the Hudson between Schuylerville and Stillwater 


__ township. South of the valley of the Fish creek, the Hudson rock 


terrace extends back from the river as far as Quaker Springs 


i 


with a width of about 2 miles. Clays or stony clays rise in 


flattish, stream-cut plains to the 300 foot contour line, where the 


Hudson slates meet the folded sandstone beds which form the 


belt of low hills on the east of Saratoga lake. 

Southward toward the Stillwater line gravel and sand occur 
in beds as much as 10 feet thick over the clays. Near the river 
the sands suddenly cease, giving rise to a low terrace at the base 
of which small springs break out on the surface of the clays. 

Farther north there are broad tracts in which the Hudson 
slates are practically bare of drift, such clays as appear at the 
surface being due to the disintegration and decomposition of 
the highly tilted slates. Over this eroded surface large, round 
concretions derived from the slates occur as boulders. Such 
concretions may be seen in place in the railroad cut north of Cove- 
ville and which when loosened from their bedding places might 
be mistaken for glacial erratics. These driftless strips near the 
river evidently demand the action of a strong current flowing 
through the Hudson valley apparently before the complete re- 
excavation of the gorge in its glacial and later clay filling [sce 
p. 193]. 

Kendrick’s hill. In the southeastern corner of Wilton town- 
ship a hill, of at least glacial materials so far as the road cuts 
show, rises to three summits, forming a conspicuous object on 
the general level of the broad sand plains between the Hudson 
at Schuylerville and the base of the Adirondacks. About the 
northeastern slope the hill has a morainic aspect. In places 
it is enveloped with driven sand. I found no traces of shore lines 
on Kendrick’s hill. In fact its base lies above the 320 foot con- 
tour line. 

Saratoga lake region. Saratoga lake as in the case of Round 
lake occupies a depression in the bed rock but in this case of 
far greater extent than the area of the lake for much of the 
depression has been filled by glacial deposits. That the ice sheet 
is partly if not wholly responsible for the unfilled condition 
of this ancient basin is indicated by the form and distribution 
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of the sands and gravels and underlying clays in the flat topped 
glacial deposit which borders the west shore of the lake. 


This deposit lies mostly between the 260 and 280 foot contour 
lines. Its steep sides have probably been cut back somewhat by — 


the lake when the water was at a higher level and covered the low 
ground of Bog Meadow brook on the west. 
This 260 to 280 foot terrace is well marked in Fish ee 


valley. Extended gravel and sand plains of about the same- 


level occur south of Saratoga Springs, the whole presenting a 
complex series of deltas apparently built in the presence of lin- 
gering blocks of ice. "Till the detailed study of these deposits 
and their final mapping has been accomplished it will not be 
possible to state just what relations this area has to the Hud- 
son trough on the east of it. It is evident though that the clays 
on the Hudson rock terraces were not abundantly deposited 
either in Fish creek valley or over the Saratoga lake district. 
This may have been because the lake region was so far from the 
mouths of clay-contributing streams and out of the drift of 
currents that clays were not brought to the district. There is 
no evidence of the clays having been swept out of the valley. 

That clay-depositing waters occupied the region as high as 
the 800 foot contour line is shown by the character of the debris 
at the base of a cliff on the east bank of the lake 1 mile east 
of Saratoga lake station. Here the under, older part of the 
talus is grayish, clay-stained debris of the Hudson river rocks. 
Above and outside of this is a more modern talus of clean, 
black fragments of the cliff above, this newer talus aceumu- 
lation being about 4 feet thick. It is to be assumed that the 
older talus at least as high as the 300 foot line accumulated in 
the waters which deposited clays at that level to the eastward on 
the Hudson rock terraces. 

The ice remained longer over the depressions occupied by 
Saratoga and Round lakes than it did in the Hudson valley 
immediately east of this district. The large streams coming 
into the Hudson valley from the open ground on the east prob 
ably favored the melting of the glacier more rapidly on the side 
where their water coursed along the ice margin. 
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. The precise boundaries of the retreating ice sheet are obscured 
by the abundant deposits of sand and clay and by the further 

_ blowing of the sands by winds in the district between Saratoga 
and Gansevoort, so that in spite of several days spent in the 
endeavor to trace the limits of retreating masses of ice I was 
unable to get a satisfactory idea of the precise alinement of 
the ice front across the valley in this field. 

Delta of the Batten kill [see pl. 11]. The Batten kill debouches 
into the Hudson river at Schuylerville near the northern limit 
of the main body of the Albany clays. A broad delta of gravels 
and sands caps the clays on the east bank of the Hudson stretch- 
ing back from the gorge to the low range of hills which forms 
the eastern border of the Hudson valley. The Batten kill passes 
westward through this range at Greenwich where the terraced 
apex of the delta rises between 340 and 360 feet. Along the 
western base of the hills the delta extends south of the stream as 
a broad plain for nearly 2 miles. Three points leveled on the 
inner upper margin of the deposit near the river are according 
to the state map at elevations of 348, 344, andi 358 feet respec- 
tively, from which 350 feet may be taken as the approximate upper 
level of the delta. Outward the delta falls off to the 320 foot 
line with a very gentle slope and then descends more rapidly to 
the 300 foot level. North of the stream at the base of Bald 
mountain a considerable stretch of the delta plain lies between 
300 and 316 feet above the present sea level. Since the outer 
margin of the delta where it falls off most rapidly is a better 
index of water level than the apical portion of the deposit 
merging into the flood plain level which was probably built 
above water level. it appears that the water level at this point 
is approximately 320 feet above sea level. Southward of the 
delta the clays and sands meet the base of the hills at about the 
same hight. 

Northwest from Bald mountain and between the 300 foot level 
and the river lies a lower plain whose surface is between the 
920 and the 240 foot contour lines, a level which is well marked 
at several places on either side of the Hudson gorge for 5 or 6 

- miles north and south of Schuylerville, but one which is very 

close to that of broad areas of the bed rock in the immediate 
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vicinity of the river. A broad shelf at this level borders the 
Moses kill where that stream enters the Hudson gorge. In such 
cases the drift deposit may well depend on the bed rock for its 
position. 

The erosion forms of the Batten kill delta along the bank of 
the Hudson opposite Schuylerville form a conspicuous feature in 
the landscape and the topography of this side of the river is in 
strong contrast to the west bank on which the delta sands appear 
in the vicinity of the Saratoga Battle Monument. 

The clays which underlie the delta appear throughout the 
district below the 300 foot level. 

Durkeetown terrace [see pl. 12]. One mile south of Durkee- 
town in the northeastern corner of the Schuylerville quadrangle 
a ridge rising above the 300 foot contour line extends south- 
southwestward for 14 miles, bounding the Fort Edward district 
on the southeast. On the western slope of this ridge between 
the 280 and 300 foot lines is a weakly developed terrace of water- 
worn gravels. These are coarse cobbles on the northeast above 
the road but become fine gravels toward the southwest at the 
crossroads. The general appearance of the deposit is that of 
a beach on which the materials have traveled southwestward. 
There is nothing in the frontal slope of the narrow terrace to 
prove that the margin of the ice remnant lying over the Fort 
Edward district confined the deposits as in the case of many 
likewise narrow terraces at higher levels along the base of 
the mountain on the west of the same district. The terrace 
may be taken therefore as the index of water level during the 
closing stages of the deposits of the Albany clays when the ice 
had melted out at least as far north as this locality. On the 
east of the same ridge is a flat floored valley at about the same 
level, one which corresponds with the upper limit of the clays 
over the western part of the Fort Ann sheet on the north and 
with the outward margin of the delta of the Mettawee at West 
Granville. 

Fort Edward district. At the northern border of the Schuyler- 
ville quadrangle the rock terraces of the Hudson gorge retreat 
-east and west, and the gorge widens out into a depression trayv- 
ersed by the present but newly established course of the Hud- 
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son from the base of the Adirondacks to Fort Edward and by 
the older channel of Wood creek. It will be convenient to treat 
of the glacial features of this district in what appears to be 
the order of their sequence in time which as everywhere in the 
Hudson valley is quite uniformly in a descending order as re- 
gards the vertical distribution of the deposits. These deposits 


_ consist of high level terraces with invariably an ice contact face 


confronting the Fort Edward district, and a lower series of 
deposits made in open water; while at still lower levels there is 
the evidence of erosion by running water as in the gorge farther 
south. 

Of the glacial terraces, the highest and oldest as well, lies within 
the Adirondack canyon of the Hudson. This deposit rises to the 


Fig. 18 Terraces in the vicinity of Palmertown mountain. On left hand is shown the 
Hartman terrace 1n the Hudson canyon. 1, 2, 3, 4, represent successive positions of retreat- 
ing ice margin. At 4,is the kame terrace at eastern base of the mountain overlooking 
the Fort Edward district. 


hight of 680 feet above the sea or about 400 feet above the bed 
of the river at its base. The small hamlet of Hartman post- 
office is located on its top. The river has cut away the eastern 
front of the deposit giving a partial exposure of coarse gravels 
about 200 feet thick at base, over which come stratified clays 
and sands, above which in turn occur gravels with a rude kame 
topography, the whole showing a time of torrential currents in 
the canyon followed by lacustrine conditions with the deposi- 
tion of clay in the gorge to a hight fully 500 feet above the 
present sea level; then a return of the ice in the coarse glacial 
detritus which caps the clays. The entire series is evidently 
earlier than the deposits which occur outside of the mountainous 
belt over the Fort Edward district and therefore need not be 
taken further into account in an attempt to fix the water levels 
which followed the disappearance of the ice from this region. 
The glacial terraces which flank the mountain bases around 
Fort Edward are typically represented in that of Palmertown 
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mountain, a lower level about Glen Lake, a higher one at Pat- 
ten’s Mills on the north, and those of till at North Argyle and 
Evansville, which will now be described in the order named. 


Palmertown mountain terrace [see Glens Falls quadrangle, 


pl. 18; also fig. 18, p. 1389]. At the eastern base of Palmertown 
mountain there is a well developed terrace rising from 50 to 60 
feet above the level of 400 feet. This terrace varies from 4 to 4 
mile in width and near the Hudson river is cast into mounds 
and kettles proving its deposition in the presence of the depart- 
ing ice sheet. In its northern part it is a typical kame terrace, 
and its eastern face or slope marks its original constructional 
limit against the border of the ice lying south of the present 
course of the river. 

The materials of the terrace are exceedingly coarse cobble- 
stones. With an ice barrier stretching across the mouth of the 
Hudson canyon, the water would be held back and caused to 
flow out at the lowest point of discharge which appears at this 
time to have been at Corinth. With the beginning of the retreat 
of the ice from the mountain wall the water would find an oppor- 
tunity to pass along the eastern base of Palmertown mountain 
southward over the district about Gansevoort. It was apparently 
during this condition of drainage that the Palmertown mountain 
terrace arose, the terrace being the then bed of the river, and 
consequently above sea level. 

Below and east of this terrace stretches another, a broad delta 
terrace, meeting the base of the earlier deposit at an elevation 
of 400 feet and probably marking a further marginal retreat of 
the ice sheet and a consequent lowering of the level of the glacial 
Adirondack-Hudson river [see fig. 20, p. 146]. 

Glen Lake kettle terrace. Small isolated terraces occur on the 
flanks of Luzerne mountain at the 500 foot and even higher 
levels marking the recession of the ice from the eastern flanks 
of the Adirondacks south of Lake George. It is not necessary 
to suppose that these deposits were ever much more continuous 
than they are now but below ithem at the base of the mountain 
extends one of the broadest and heaviest though not the longest 
glacial terraces seen anywhere in the Hudson valley. This 


deposit incloses Glen Lake, the central and largest example of | 
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The geologically colored areas show successive stages of the re- 
treat of the ice-sheet from Palmertown mountain and of the adjust- 
ment of the Adirondack Hudson river to the country freed by the ice. 


G The remarkable trough from Fort Edward to the northeastern cor- 
ner of the map extends the Hudson gorge into the Champlain valley. 
Scalomias oa Another trough,not so deep, is shown two miles east of Fort Edward. 
a. rien G) al 2 3 : 4Miles These troughs served as outlets to Lake Vermont. 
‘: Contour interval 20 feet. 
: a Datum is mean sea level. 
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a group of deep ice block holes and kame kettles, the most 
extensive in the entire length of the Hudson and Champlain 
valleys. This terrace begins on the south near the Hudson 
river in a narrow shelving deposit having an elevation accord: 
ing to the contoured map of about 420 feet. Two miles north 
of the Hudson river, the terrace or at least a higher level of 
the deposit attains an elevation of 482 feet. From this point 
the front of the terrace trends northeastward toward Round pond. 
Following along the base of Luzerne mountain, the level of the 
terrace rises to about 500 feet at the distance of 4 miles from the 
Hudson river; and at French mountain station the surface attains 
a hight of 548 feet. 

The front of the terrace passing northeastward at a distance 
of 2 miles northwest of Glens Falls rises from 50 to 100 feet 
above the more thinly drift-covered surface at its base. The 
summit line of the terrace front rises to about 480 feet except 
where gnawed back by streams. This frontal slope is an ill char- 
acterized bluff neither lobate like the front of a delta built 
in open water nor with stratified grayels and sands standing 
at the angle of repose as in old stream-cut terraces now healed 
by gravitative slipping. The detritus at the front is perceptibly 
coarser than over the top remote from the brow of the slope 
and boulders are not uncommon along its extent, an assem- 
blage of features, weaker than usual, but indicating undoubt- 
edly the deposition of the materials of the terrace in an open 
space lying between the base of Luzerne mountain and the ice 
mass which still lay over the central part of the Fort Edward 
district. The large kettle and ice block holes representing out- 
lying partially or wholly buried blocks of ice give strong sup- 
port to this view. 

Patten’s Mills terrace. Between Patten’s Mills and Sugar Loaf 
mountain in the southwest corner of Fort Ann township [see 
Glens Falls quadrangle, pl. 14], the border of the large mass 
of ice covering the Fort Edward district is again marked by 
marginal deposits but in this case on the north. These deposits 

. assume the form of a high gravelly terrace attaining an eleva- 
tion of about 520 feet near the southern margin, and sloping 
gently northward, partially inclosing in that direction a lake- 
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let between the 480 and 500 foot contour lines. This lakelet 


probably owes its existence to a remnant of ice on the north, 


separated from the Fort Edward mass during the stagnation 
of the ice south of the mountain passes. The nature of the 
bottom of the lakelet has not been determined but presumably 
there is bed rock close underneath. Both clays and bed rock 
appear eastward near West Fort Ann village in an extension 
of this ridge. 

West of this outwash deposit and north of Queensbury vil- 
lage, there is developed between the 420 and 440 foot contours 
a deposit having in its highest part, where it confronts the 
northwestern margin of the Patten’s Mills terrace, a large 
depression or kettle hole, shown by the contours on the Glens 
Falls sheet [see pl. 14]. This depression also shows that ice 
remained on the northern side of the Patten’s Mills deposit in- 
dependently of the evidence afforded by the small lakelet, and 
renders it probable that the slope of the ground in that vicinity 
from the 480 down to the 440 foot line is also an ice contact 
feature. 

Morainal terrace at North Argyle. About 1 mile east of the 
village of North Argyle on the Fort Ann quadrangle is a rock 
ridge culminating in a point 1037 feet above the sea. The ridge 
extends northeast and southwest. At its western base over- 
looking the Fort Edward district from the east is a terrace 
of glacial till rising over 120 feet above the low ground at its 
base and having a maximum elevation at the summit of about 600 
feet. This terrace appears to have been deposited by live ice 
and presumably is of somewhat earlier date than the stratified 
deposits found elsewhere on the north and west at somewhat 
lower levels. 

North of Evansville in a similar position in relation to an 
older rock ridge and in nearly the same alinement a till ter- 
race rises from the west bank of the Moses kill with its mass 
between the 500 and 600 foot contour lines. 

None of these deposits afford other clues to the level of the 
waters which may have stood in this district subsequent to the dis- 
appearance of the sheet than by their negative character—the 
absence of later clays and wave marks over their surface. It 
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is to be concluded from them that in this latitude neither large 
glacial lakes nor the sea rose so high as the surface of the 
lowest of these deposits. Much more detailed study of the 
region than I was able to give it in the search for water levels 
will be required in order to trace out fully the limits and his- 
tory of the retreating ice mass of the Fort Edward region. 
_ Fort Edward district below the glacial terraces. Below the 
marginal terraces above described as lying about the Fort Edward 
district, there are several well marked types of glacial deposits 
and a yaried topography indicative of successive stages of develop- 
ment through deposition and erosion by water action. Not all of 
these deposits are pertinent to the inquiry concerning water levels. 
From the vicinity of Glens Falls northwestward to the base 
of the Glen Lake terrace and thence northward and eastward 


l— 50 Feet -7i 


Fig. 19 Dislocated and overthrust clays, just north of Summit station, looking east, 
showing overthrust to the south 


over the gently rolling country between Patten’s Mills on the 
north and Argyle on the east, knobs and hillocks rising above 
the level of the clays are till covered or strewn over with glacial 
erratics. Such are the features observed in traveling from 
Sandy Hill northeastward to Vaughns or Queensbury. These 
hillocks, mostly outliers of the Lower Silurian limestone, rise 
from a rather uniform level of 280 to 380 feet to elevations 
of from 25 to 50 feet above the surrounding surface. Their 
drift-covered surfaces indicate that the ice mass, which defined 
the limits and the breadth of the terraces on the north and west 
of the basin, on melting left its unassorted debris on the region. 
The clays in the lower places of this surface indicate the sub- 
sequent covering of the district by standing water. 

Ag elsewhere observed, the clays in the floor of the trench 
of Wood creek northeastward of Fort Edward are ice worn. 
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Further indications of the overriding action of ice are found 
south of Fort Edward quite within the gorge of the Hudson 
at Summit station on the electric railway line. The annexed 
‘figure is intended to show the nature of the disturbed clays as 
seen shortly after the excavations for the line were made [fig. 19]. 

Similar disturbances in the drift deposit were described by 
Fitch as being visible when the Delaware & Hudson Railroad 
cuts were made south of Fort Edward. All the evidence points 
to the conclusion that after the deposition of clays over the 
Fort Edward district at a time when the ice front had retreated 
an unknown distance to the north, there was an advance of the 
ice probably as far south as the mouth of the Moses’ kill within 
the Hudson gorge. 

Deposits in Argyle and Hartford. On the east of the Fort 
Edward district, the morainal terraces at North Argyle and 
Evansville have already been described. Below these in the val- 
ley of the Moses‘kill in the region of the swamp north of Evans- 
ville are bordering kames and gravel deposits also laid down 
in the presence of ice. 

Clays begin to appear in the upper reaches of small valleys 
at about 320 feet, as in the branches of Big creek southwest of 
South Hartford. Below this level the clays cover wide tracts, 
particularly from 300 feet downward to the margin of the Wood 
creek channel. These clays are everywhere incised by the 
numerous small streams of the region. 

Glens Falls delta of the Hudson. The ice dam across the mouth 
of the gorge of the Hudson at the base of Palmertown mountain 
has already been described in its effect on the course of that 
river and in its bearing on the glacial terraces of that region. 
When the ice finally melted away from the low grounds about 
Fort Edward normal river and lacustrine deposits began to 
make. ‘Phe gravelly and sandy delta of the Hudson spreading 
from the base of the glacial terraces at the mouth of the Adiron- 
dack canyon outward to Sandy Hill and Fort Edward was un- 
trammeled in its development by confining masses of ice unless it 
be on the north side of the Hudson in the region about the city of 
Glens Falls. This delta is approximately 350 feet in elevation, ris- 
ing to 360 feet according to the map at the base of the 400 foot or 
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second lower terrace at the base of Palmertown mountain [see 
pl. 13]. The low escarpment which separates this lower delta 
plain from the broad 400 foot terrace is a striking cliff of gravels 
Sweeping southward from the Glens Falls quadrangle to the 
Schuylerville quadrangle on the south. As will be shown later 
its base corresponds closely with the presumed level of a stage 
of the glacial lake which covered this district and wave action is 
to be suspected as determining the form of the terrace though 
an earlier ice contact slope may have given rise to its position. 
The topography bears every mark of having been produced by 
erosion. 

The delta of this stage evidently extended as far east as Sandy 
Hill and perhaps much farther toward Fort Edward. The 
southern and eastern margin of the present delta plain have 
been determined by erosion accomplished during the lower and 
later stages of the waters in which the delta was deposited. 

The Hudson in its eastward course from the portal of the 
Adirondack canyon lies mainly on the north side of the delta as 
does the Mohawk in relation to the delta extending from Schenec- 
tady to Albany. There is a narrow strip of delta sand west of 
Glens Falls but within a mile north of the town and the bank of 
the river there is little or no evidence of stream-borne waste. 
Had the stream at any time wandered into this marginal field of 
its delta before sinking its present channel the river would easily 
have fallen into the course of Half Way creek and so joined the 
Champlain drainage. It is to be suspected that, where streams 
flow along the northern margin of old deltas built into glacial 
lakes of meridianal valleys, their courses were determined by 
the natural tendency to diversion into the depression which 
would arise on that side of a delta through the retreat of an ice 
barrier. No satisfactory evidence of the presence of the ice on 
the north side of the Glens Falls delta at this stage has been 
observed. In fact the continued development of the deposit since 
it might outlast the presence of the ice, did such a condition exist 
at the commencement of the process, would tend to obliterate those 
evidences of the ice contact on which the proof of the existence 
of preglacial deltas must ever depend. Other postglacial changes 
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are Seen on the surface of the delta in the sand dunes which have 
there developed. ; 
Along the southeastern border of the delta the land drops off 
to a clayey terrace lying between 250 and 280 feet in elevation. 
It is well exhibited at Reynolds Corners [see pl. 13]. The slope 
from the 350 foot delta plain to this lower terrace from Fort 
- Edward southward coincides closely with the boundary between 
the Calciferous-Trenton limestones and the Hudson river shales 
which lie on the east of them. But the immediate origin of the 
slope appears to be due to erosion taking place subsequent to 
the formation of the 350 foot delta. This lower terrace corre- 
sponds in position with a tilted water plane of a glacial lake 
whose outlet om the south, as is shown on plate 28, was in the 
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Fig. 20 Profile of the terraces and delta levels from the base of Palmertown mountain 
to the Hudson river. a, The glacial terrace; b, the broader terrace at 400 feet; c, the 
delta of the Hudson; d, the clay terrace, a part of the channel of the stream which flowed 
through the Coveville outlet 


old channel back of Schuylerville which falls into the Hudson 
gorge at Coveville. 

Below the level of this terrace is the old channel continuing : 
the Hudson gorge by way of the Wood creek valley to Lake ; 
Champlain, the evident path of a river which as I shall hope to ‘ 
show later in this report drained a glacial lake in the Champlain 
valley into the Hudson gorge. East of this channel is a branch 
at a somewhat higher level perhaps earlier occupied by thfe same 


stream before that nearer Fort Edward was so deeply excavated. a 
The above diagram, figure 20, is intended to show by an east } 


and west profile the successive terrace and delta levels of the 
Fort Edward district, down to the existing channel of the Hud- 
son below the site of the old fort. 

The effect of ice barriers and glacial lakes about the south- 
eastern base of the Adirondacks is so well exhibited in the case 
of the Hudson river that the following digression is introduced 
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partly to summarize the evidence and correlate the delta de- 
posits. of this region. 

The three deltas of the Adirondack Hudson. The Adirondack 
Hudson river has three deltas of late glacial age at the south- 
eastern base of the mountains, one at Corinth, one at Gansevoort, 
and a third at the base of Palmertown mountain. The river flow- 
ing southward through the Precambrian rocks of the Adiron- 
dacks touches at Corinth or the northern end of a fingerlike pro- 
jection of the Cambrian and lower Silurian strata let down by 
faulting within the walls of older rock, but instead of following 
this tract of newer rock southward to the open ground toward 
Ballston, the river now turns rather abruptly eastward across a 
broad tongue of the Precambrian rocks and emerges on the Fort 
Edward district through a deep gorge in the Adirondack massif 
just above Glens Falls. _ 

When the ice sheet in its retreat had its front in this region, 
the pressure through the Champlain trough appears to have main- 
tained a barrier of ice against the eastern wall of Palmertown 
mountain, thus preventing the escape of the river in that direction 
while the path southward from Corinth was open. Hence the 
river discharged its waters, laden with gravel and sand, through 
the broad valley followed by the Adirondack Railroad from 
Corinth southward. In the earlier stages of the melting of the 
ice from thig valley a very high and massive kame terrace was 
built on the western margin of the ground held by the delta at the 
next stage of building. 

These kames with their kettles here and there holding lakelets 


are very conspicuous for a mile or more south of the railroad 


station at Corinth. At the time the deposits were formed, ice 
must have occupied the valley below and have extended eastward 
perhaps in continuity with the sheet lying over the Fort Edward 
district. 

The village of Corinth stands on the northern edge of the delta 
which has the form of a rather steeply inclined outwash fan 
flooring over the valley with its crest on the north overlooking the 
river. The present examination of the region was not carried 
beyond this point to determine to what extent the Hudson valley 
above Corinth was free from ice at the time the delta was formed. 


148 NEW YORK STATE MUSEUM 


As soon as the ice shrunk away from the eastern base of the 
mountains at and south of Palmertown mountain, a lower course 
was open to the river which now escaped along the eastern base 
of Palmertown mountain and flowed between the ice and the 
mountain wall till the ice front was reached, there spreading out 
the broad plains of gravel and sand near Gansevoort on the margin 
of the body of water in which the Albany clays were depositing. 
At this time the ice evidently stretched eastward across the upper 
Hudson yalley. at the southern margin of the Fort Edward district. 
The Gansevoort delta at present largely modified by the drifting 


Vig. 21 Sketch map of the three deltas of tt A dir k- ri 
delta,; G, delta near Gansevoort ; GE, the Glens oot oo SAEED OS FST Others 
of its fine sands by the winds has its inner upper level at 325+ 
feet above sea level. It forms a broad gently inclined fan without 
very definite outer margin, indicating that the water level of Lake 
Albany was somewhere between the 300 foot and 325 foot lines 
above the present sea level. 

Along its northern margin the delta is broken by large kettle 
holes containing small lakelets showing the approximate position 
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of the water-eaten margin of the mass of ice which lay over the 
Fort Edward district at the latest stage in the delta construction. 

It was probably at this stage that the terrace of coarse gravels 
lying at the base of Palmertown mountain was deposited. An 
intermediate stage is marked by the small terrace on the flank of 
the Hartman terrace lying on the north bank of the river just 
within the Adirondack gorge of the Hudson. 

Afterward followed the several stages of broad terrace building 
described as margining the Fort Edward district on the west, 
ending in the delta which spreads forward from the mouth of the 
Adirondack gorge toward Glens Falls on the south side of the 
viver. The ice front or at least the southern margin of the rem- 
nant which lay over the district may have lain along the northern 
bank of the Hudson from the gorge toward and beyond Glens Falls, 
preventing the delta from building on the north side of the present 
channel. As the ice shrank away from the delta along its front, 
the stream fell into the depression thus made and so found its 
way across the limestones and shales past Sandy Hill to the old 
gorge at Fort Edward, thus establishing the connection of the 
Adirondack-Hudson with the main channel. 

Delia of the Mettawee river. The Mettawee river crosses the 
northeastern part of the Fort Ann quadrangle in Granville and 
Whitehall townships. In the western part of Granville the 
roughened plateau of eastern New York falls off to the lower 
levels of the town of Fort Ann within the clay-covered ground 
east of Wood creek. Clays cover the surface up to approxi- 
mately the 300-foot contour line. Opposite the valley of the 
Mettawee, within the eastern plateau in the vicinity of West 
Granville, a gravelly and sandy delta of the Mettawee has a 
small development much less extensive than the deltas of the 
Batten kill and the Hoosic river farther south. 

The head of this delta is about 320 feet in its present elevation 
above the sea, passing into terraces at North Granville which 
rise gradually up the valley and attain a level of 400 feet at 
Middle Granville. The delta slopes gently outward to the 300 
foot contour north and south of West Granville and there gives 
way to the clays which mantle the lower grounds northward to 
Whitehall and southward into Hartford. It is safe to assume 
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that the water level marked by the delta lies between the 300_ 
and the 320 foot contour lines. c 

The slight development of the Mettawee deita on the margin 
of the Hudson-Champlain valley as compared with the extended 
deltas of the streams of similar size today on the south appears 
explicable in the view that the deposit did not begin to form till 
the ice which covered the Fort Edward district melted out. It 
has been shown in the account of the Fort Edward district that 
there are strong reasons for believing the ice front lay for some 
time on the south of that district between Fort Edward and 
Schuylerville. Into the water body covering the clay grounds 
south of the ice front, the Hoosic, the Batten kill, and other 
streams farther south were building their deltas and continued 
so to do while the water was maintained at the level of the 
delta margins. _ 

The Mettawee turning northward along the eastern margin 
of the delta has cut a deep trench into the underlying clays and 
now flows over the bed rock with low falls about 14 miles below 
North Granville. ~ 

The delta of the Mettawee correlates with the inclined water 
plane of a glacial lake at the Coveyille stage, as shown on 
plate 28. , 

Delta of the Poultney river at Fairhaven Vt. The Poultney and 
Castleton rivers join near Fairhaven Vt on a broad gravelly 
plain overlying glacial clays. This plain has an elevation of 
about 880 feet. It is inclosed, except for a pass on the west 
followed by the Rutland branch of the Delaware & Hudson Rail- 
road and on the north by the valley through which the Poultney 
escapes, by high land, and thus appears not to have been a delta 
built on the margin of an open sheet of water as was the case 
with the deltas of the Mettawee and other streams on the south. 

The delta of the Poultney lies between the more marked levels 
of the tilted water planes which converge on the outlets of a 
glacial lake below Fort Edward. It would appear therefore to 
have been made in a narrow valley opening westward on a 
glacial lake. Much more detailed work will be required in order 
to correlate satisfactorily these deposits on the Vermont side 
of Lake Champlain. The surface of the deposits at Fairhaven 
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lie only a few feet above the tilted level of the lake in which the 
Granville delta was made, and apDEAL to be correlated fairly 
with the Coveyville stage. 

At Carver Falls, a terrace exists at practically the same level, 
but. the reconnaissance of the district has not sufficed to deter- 
mine any definite relation which this deposit bore to the retreat- 
ing ice or to the lake which stages once existed over the lower 
ground in the region about Whitehall. It is to be observed that 
at Dresden Center on the west side of Lake Champlain and 
nearly due west from Carver Falls clays occur from the lake 
shore up to about the 380 foot line. 

Partial summary. Within a radius of about 5 miles on the 
east, north and west of Glens Falls, there are deposits made in 
the presence of lingering ice. These deposits form terraces of 
varying width, with their summit planes at altitudes varying 
from about 440 to over 500 feet in elevation. These terraces 
appear to have risen above the level of the clay-depositing 
waters which later covered the lower roughened plain of the 
Fort Edward district. 

The low rounded clayey hills along the line of Wood creek 
between Fort Edward and Fort Ann are composed of glacial 
clays evidently overrun by an advance of the ice and strewn with 
small boulders. Following this there is evidence of the exten- 
sion of the Hudson delta at the 350 foot level spreading sands 
as far east as Sandy Hill at lower levels beneath the water sur- 
face. Clays made over the higher ground on the east in Argyle 
nearly to the level of the delta. Still later there are evidences 
of powerful currents passing southward through the district 
into the gorge of the Hudson. In a later chapter it is thought 
the explanation of these phenomena is found in the series of out- 
lets for a glacial lake which extended from the southern border 
of the Fort Edward district northward through the mountain 
passes into and over the Champlain valley to the ice front 
stretching between the Green mountains and the Adirondacks. 
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Chapter 5 


RETREAT OF THE ICE SHEET IN THE CHAMPLAIN 
VALLEY 


The retreat of the ice sheet in the Champlain valley has been 
largely obscured by the extensive modification of deposits at 
low levels through the action of waves and running water. In 
only one portion of the field was much attention paid in the 
course of the present investigation to the ice retreat and at no 
point in the length of the lake am I at present able to state the 
precise line of ice frontage across the lake valley. The follow- 
ing notes on such localities as chanced to be examined in the 
course of the search for water levels by no means give a com- 
plete account of the recession. 

As will be noted from allusions in these descriptions and from 
the conclusions to which I have been led, a glacial lake appears 
to have extended northward in the valley pari passu with the | 
retreat of the ice front. Still earlier as remarked by several 
observers there were probably lakes held in along the margin of - 
the ice sheet both on the Adirondack and Green mountain sides. 
Taylor has given the name of Lake Adirondack to such a body 
of water whose traces he recognized in the region back of Platts- 
burg. Probably other similar lakes existed in the upper basins 
of the Winooski and Lamoille rivers in Vermont [see pl. 27]. 
Some or all of these marginal lakes must have later become con- 
fluent with or drained into the greater lake which was held in 
by the ice sheet while its front stretched across the valley from 
the Green mountains to the Adirondacks. 

Mr Baldwin has supposed this front to have been concave 
northward on account of the melting effect of the water which 
bathed it. This need not necessarily have been the case, how- 
ever, provided the rate of the forward movement during the 
retreat counterbalanced or exceeded at times the rate of melt- 
ing. My studies on the Mooers quadrangle have led me to an 
opinion just the opposite of that expressed by Mr Baldwin. All 
the phenomena in that area show that the ice was “alive” even 
at this late time in the retreat. It built frontal moraines; it 
maintained its frontage for some time along the margin of 
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remarkable spillways despite the favorable conditions for back- 
ward melting owing to the presence of water warmed by flowing 
over bared rock; it had in that area a northwest-southeast aline- 
ment and in consequence of its power to press high up on the 
Adirondack slopes must have been able to maintain a more or 
less lobular frontage across the Champlain valley. 

Mr Gilbert, it should be stated, has described to me deposits 
on the northern side of Covey hill in Canada which he inter- 
preted as indicating the return of the ice sheet after it had dis- 
appeared from that vicinity. The evidence consists of what 
appears to be a patch of frontal moraine between two marine 
beaches. 

In a very suggestive paper on this region Mr Upham has ex- 
pressed the belief that in the very latest stage of the ice retreat 
from the St Lawrence valley, the ice stood in such a position 
still as to debar the sea from entering the Champlain valley but 
to permit the confluence of the glacial dammed waters in that 
valley with those over the upper St Lawrence and Ontario val- 
leys. I am not able at present to affirm or deny the pertinency 
of this view. 

The following details concerning glacial deposits serve to 
show the general character of the latest stage of ice action in 
the State. 

Dresden, gravels. A conspicuous deposit of glacial gravels 
occurs in the southern constricted portion of Lake Champlain 
at Dresden station on the Delaware & Hudson Railroad, and 
extends southward toward Chubb’s Dock. The deposit is also 
exposed at Cold Spring on the Vermont side, where the gravels 
are screened and shipped in canal boats for use as road-metal. 

The gravels show alternations from very fine to relatively coarse 
sediments with a stratification characteristie of outwash deposits. 
The materials in the terrace at Dresden become perceptibly finer 
southward, indicating that at the time of their deposition the 
drainage from the ice was southward through the Wood creek 
channel into the Hudson valley. 

The coarse gravels which occur throughout the section indicate 
that if standing water existed at the time of their deposition, its 
surface was much below the level of that in which the subse- 


eect of water would have made it difficult for a pee: either 


in the ice or outside of it to transport such coarse materials at 


the bottom. From Dresden southward to Chubb’s Dock, the so — 


called Champlain clays rest on the tmeven and often ——s 2 


surface of these older gravels and sands. 

Such amassments of gravel have already been noted in the” 
Hudson valley occupying a like subjacent position to the Albany 
clays, as at North Albany and in numerous sections from 
north of Cohoes to the point where the stream draining Round 
lake falls into the Hudson. The deposits are evidently glacier 
margin deposits associated with the final melting out of the ice. 
If the structures of these gravel deposits at North Albany and 
Dresden have been correctly interpreted, it would seem as if for 
a time at least the land must have beem higher than it was during 
the lake stages in which clays were deposited and high enough in 
relation to the southern Hudson valley to permit a rather free 
run off of the glacio-natant waters. The isolated facts cited from 
the talus at the southern base of Skene mountain at White- 
hall and the similar phenomena east of Saratoga lake [see p. 136] 
strengthen this conclusion—that changes of level were taking 
place during the retreat of the ice sheet. This particular move- 
ment appears locally to have affected lands lying above sea level. 
Its recognition carries with it, in view also of the marine deposits 
which followed, the assumption that following the disappearance 
of the ice from this portion of the valley a reversed movement set 
in by which the land was lowered on the north relatively to the 
southern part of the State so as to produce an uplifted barrier 
in that direction capable of retaining the waters which formed the 
lakes whose records are so clearly shown in the succeeding depos- 
its of clays and marginal sand deltas. It must be borne in mind, 
however, that these earlier movements preceding the clearer 
records of the glacial lakes and the marine invasion depend on 
scattered and fragmentary evidence which further study of the 
district may prove in a better light to be capable of a different 
interpretation. 

Street Road terrace [Ticonderoga quadrangle, pl. 15]. North 
of Street Road and at the eastern base of Buck mountain there 


| 


ee ae ee 


i ae 


et Road. 
Crown Point 


| s tie 
about 


MORAINE TERRACE 


-lines 


Bas00" 


ERAL 


cale 


S 


And some of the clearer shore 


THE STREET ROAD LAT 


_ 2 Miles 


sae 


lines. 


es 


(eee 
Wave- 


| 2 | 
Kettle-hole. 


i 


feet. 
red. 


ontour interval 20 
Datum is mean sea lev 
Eskerlet. 


G 


Morainic 


deposit, 


\ 


_ ANCIENT WATER LEVELS OF CHAMPLAIN—HUDSON VALLEYS 155 


is a high lateral moraine terrace locally known as Sawyer hill, 
whose surface is contoured by the 540 foot line. Buck mountain 
rises in a steep wall to a hight of over 1000 feet above the level 
of this deposit. An excavation made at the southern lobe of the 
deposit showed it to be stratified with a foreset structure dipping 


- south. The materials are gravelly. In about the middle of the 


terrace to the west of the point where the highway from Street 
Road to Crown Point reaches the summit there is a large and well 
defined kettle hole. Farther north evidences of deposition in the 
presence of ice continue to appear; and in the pass between the 
outlying tectonic block of Dibble mountain and the eastern face 
of Buck mountain (see the Ticonderoga sheet for details of 
topography), there is a deep depression marked with kames and 
abundant indications of the presence of ice in the deposition of 
the materials whether by water or ice alone. The bottom of this 
pass according to the contours of the map is at least 80 feet lower 
than the surface of the terrace on the south. The eastern face of 
this terrace is a steep slope ribbed by gentle wave lines, the high- 
est of which is at about 500 feet elevation. The terrace appears 
to have been built by waters discharging through the Buck moun- 
tain pass from the depression about Crown Point north of this 
mountain and to have been bordered by the ice sheet on its 
eastern flank if ice did not also lie in the depression on the north 
of it. There was evidently a small glacial lake held in south of it 
in the valley of the small stream which drains Buck mountain 
and Worcester ponds. There are notable sand deltas on this 
stream at even higher levels than the Street Road terrace. The 
precise position of the ice front across the valley of Lake Cham- 
plain at this time has not been determined but it presumably lay 
to the south of Street Road. Later the front appears to have lain 
locally on the north side of Dibble mountain, a tongue pressed 
forward into the pass before mentioned, and east of the mountain 
the front presumably crossed the axis of the valley somewhat 
farther south. 

After the ice disappeared from this vicinity the open waters in 
the Champlain valley appear not to have stood higher than the 
wave marks on the side of the terrace, viz 500 feet, for the kame 
kettle on the top of the terrace shows no signs of having been 
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filled by the wash which would have been drifted into it by wave. 
action at its own level. . 

Possible local glacier at Port Henry. The presence or absence — 
of local glaciers in the Adirondacks and neighboring mountains _ 
of New England continues to be a-mooted question. Several — 
writers have reported what has appeared to be evidence of local 
glaciation following the disappearance of the Laurentide glacier 
from the Adirondack mountains. ‘Till detailed mapping of the 
area shall have been undertaken the question is likely to remain 
more or less open. The importance of the question can not be © 
gainsaid in an investigation of the water levels which have 
existed in the Champlain valley in view of the possibility of ice 
dams which may thus have been introduced and maintained 
after the withdrawal of the Laurentide ice. A few observations 
of the writer during the present investigation of the foot region 
of the Adirondacks have prepared him to find that local glaciers 
may have extended near enough to sea level in the time of de- 
pression to have interfered with the development of normal 
shore phenomena, but much more careful work is required 
before it can be asserted that the phenomena already seen prove 
the existence of local glaciers. 

The question of local glaciers has been raised in the present 
survey mainly by the abnormal striation and the lateral moraine ; 
terrace at Port Henry and by the faint traces of a late north- : 
south striation about the northern border of the Adirondacks 
where the edrlier Laurentide ice in diverging lines of flowage 
moved up the St Lawrence valley on the north of the Adirondacks 


and up the Champlain valley on the east of this obstruction to its 
flow. 


Port Henry lies on the western shore of Lake Champlain at 
the foot of a broad depression in the high hills which confront 
the lake for several miles on the north and south. The floor of 
this depression rises westward and expands north and south for 
a few miles. Still farther westward the ground rises more 
rapidly into the highest part of the Adirondacks. Along the 
shores of the lake north and south of this dépression roches 
moutonnées with rounded northern backs and clifflike southern 
fronts together with northsouth striation attest the southward 
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flow of the Laurentide stream of ice through the Champlain 
valley. In the village of Port Henry, near the Lake Champlain 
and Mineville Railroad station, well developed nearly eastwest — 
glacial striae indicate a movement later than the main glacia- 
tion and normal to it. The striation referred to is n. 68° e. 
Again $ mile south of McKenzie brook along the street between 
the 300 and 500 foot contour lines, glacial striae occur having a 
more nearly east and west (n. 83° e.) direction. In the south- 
western corner of the Port Henry quadrangle, just south of the 
red schoolhouse, glacial striae with a course n. 43° e. cover a 
well worn ledge. Beginning on the north again in the bed of 
Mill brook at a point north of the road crossing the stream 
about 4+ mile southwest of the race track, there are glacial 
striae running n. 80° w. South of the road crossing, striae of 
the northsouth set occur. These localities are shown on the 
accompanying map [pl. 16]. 

Northwest of Port Henry at a distance of 1 mile begins a 
spur of foothills at the western base of which runs Bartlett 
brook, the north branch of Mill brook. The western slope of 
this spur carries a well defined lateral moraine terrace which 
projects beyond the rock hill on the level ground west of the 
race track. From this point, the surface of the terrace rises 
rapidly to the northward for about a mile beyond which no 
attempt has been made as yet to trace the deposit. The terrace 
can be plainly seen from the Mineville Railroad near the upper 
switch back. The presence of this terrace in this position seems 
to indicate clearly that the margin of an ice mass rested against 
this western slope of the spur. One mile south of the southern 
end of this deposit, south of the valley of Mill brook and the 
north branch of McKenzie brook, the land rises to the 800 foot 
contour line and is crested with a recognizable hummocky 
moraine. 

‘Three hypotheses suggest themselves at once in the explana- 
tion of the peculiar striation of this area. First, the abnormal 
striae were produced by the westward protrusion of the margin 
of the Champlain lobe at a time when it was mainly confined to the 
walls of the lake valley and pressed against though it did not 
overtop the foothills. Wherever a low place in the valley wall 
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“presented itself, it might be expected that the ice would de 
into it. Second, these local striae are due to a branch of | 
main Champlain lobe which passed southward through t 
mountain valleys on the west and rejoined the main lobe at _ 
Henry. Third, the striae are due to a local glacier or to 8 ‘ 

< glaciers coming at least to within 60 feet of the present lake 

~~ level from snow fields in the high area on the west, whose culmi-_ 

1) - nating point, Mt Marcy, is 24 miles distant in a west by north — 

direction. ae 

The position and nature of the till deposits of morainal charac- — 
ter shown on the auap are explicable by the second and third — 
hypotheses. The fact that the eastwest striae extend quite — 
down to present lake level favors the first hypothesis on 
account of the difficult assumption that a local glacier would | 
push its front to so low a level after the main ice had 
retreated from this latitude. On the other hand the striae 
near the present lake shore come to the shore so abruptly 
as to give no support to the first hypothesis. I was not 
able to make out from the details of the few striae 
observed whether the ice movement indicated by them was 
toward or away from ‘the present lake. In the case of the ledge 
near the red schoolhouse southwest of Port Henry there are 
crescentic flakes in the gneissoid rock with the horns pointing 
to the northeast. I have seen similarly fractured pieces re- 
moved in which the horns of the crescent pointed in the direction 
in which the ice was moving. If that be true here it is a point in 
favor of local glaciation. 

In the Mill brook locality, the glaciated ledge of the abnormal 
set was overlain by a gravelly boulder clay containing fragments — 
of Potsdam sandstone, gneisses and limestones. 

Bulwagga mountain comes to the lake front with a bold es- 
carpment and, blocklike, rises between the depressed region of 
Port Henry and the similar area of Crown Point. In this latter 
side valley glacial striae, n. 42° e., were observed just south of 
the village on the north slope of Sugar hill. On the road from 
Crown Point Centre to Coot hill, glacial striae may be seen 
running n. 48° e, 

Yet farther south of the west side of the lake in the vicinity 
of Ticonderoga, the striae range from n, 18° e. to n. 38° e., dis- 
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playing the draft of the ice in these localities into the Lake 


George passage. All the striae from Bulwagga mountain south- 
ward exhibit this southwesterly trend at a considerable angle 
with the axis of the main valley showing that the axis of the 


~ glacial line of flowage lay to the east of the present shore of Lake 


Champlain; but nowhere have I seen in this southern area within 
800 feet above the lake such anomalous variations from the 
southward and southwestward striation as those which occur in 
the Port Henry area. 

The other cases of glacial striation which fail to agree with 
that which is normal for the region are found in the meridional 
scores which occur in Clinton county, N. Y., in the town of 
Mooers and farther west between Cannon Corners and Clinton 
Mills. 

A ledge of Potsdam sandstone at the sharp bend in the Great 
Chazy river between Thorn’s village and Mooers Forks carries 
separated and rather faint striae running n. 19° w. The adjacent 
bank of the river is for the first 10 feet above the water composed 
of sandy till, largely Potsdam drift, which must originally have 
covered the rock here referred to. The neighboring normal stria- 
tion is shown in a near-by ledge farther down stream to be 
n:, 36° e@. 

A ledge on the Perry’s Mills road 2 miles west of that village 
exhibits faint striae n. 16° w. Striae running n. 10° e. occur in 
the ditch on the south side of the Rutland Railroad, 13 miles west 
by south from the bridge over the Great Chazy. Both of these 
cases depart from the maximum flowage direction which would 
be expected for the northeast corner of the Mooers quadrangle 
from what is known of the more abundant striation immediately 
southwest [see geologic map of the Mooers quadrangle, pl. 29]. 

A little less than 3 miles north from Ellenburg depot and ata 
point 4 mile south of the English river on the road to Cannon Cor- 
ners, bare ledges of Potsdam in the road show abundant rather 
widely spaced striae whose direction is n. 10° w. The normal 
direction for this region according to observations on the north- 
western corner of the Mooers quadrangle would lie between 
n. 46° e. and n. 61° e. The divergence between the normal 
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thickly set striae and the discrete evidently later glaciation is — 
so great that it hardly appears probable that the two sets per- — 
tain to the movements of the same glacier even when account is 
- taken of divergent flowage in a retreating ice lobe. In the case 
of the abnormal striation in the northeastern corner of the 
Mooers quadrangle, it is conceivable that the ice when it had 
become so thin as to be diverted by the Covey hill ridge, on the 
east of this elevated district turned more sharply than before 
into the Champlain valley; but the striae north of Ellenburg 
depot can not be so explained. The cases above cited recall 
- the later separate striae described by Chalmers as occurring 
south of the St Lawrence near the international boundary : 
opposite Vermont and New Hampshire and which have been in- | 
; 
| 
; 


— 
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terpreted by him as produced by local glaciers descending the 
mountains along the frontier of New England into Quebec. As 
yet no evidence of associated frontal moraines nor the northward 
transportation of erratics which would corroborate this view has © 
been detected along the northern border of New York. Much 
further work in this region will be required to demonstrate the 
precise nature of these anomalous striae. 

Southern slope of Rand hill and Dannemora mountain. A rela- : 
tively late stage of frontal deposits is well developed along the 4 
southern slope of Rand hill and Dannemora mountain where é 
the drift is very thick particularly opposite the notches opening 
northward through the mountain. The ice pressing against the 
northern side of these elevations appears to have pressed through 
the valleys and built up a shelving terrace of interstratified till 
and washed gravels on which the tongues of the glacier at times 
rested. From the evidence of heavy deltas between Dannemora 
and Lake Champlain there appears to have been standing water 
in this embayment at levels above that of the main body of water 
which later lay in front of the ice over the Champlain valley 
proper. Such is the delta at Cadyville on the Saranac. 

Moraines north, east and west of Rand hill. Rand hill as 
shown in the report on the Mooers area [N. Y. State Mus. 
Bul, 83] is encircled with lines of retreatal moraine on the east, 
north and west [see pl. 17]. These moraines with the exception of 
a lower group to be more particularly mentioned show no signs 
of wave action or of attendant outwash plains constructed in 
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standing water. Between the lowest of this group of frontal 
deposits on the north and the higher ones there intervenes the 
remarkable “ flat rock” areas or spillways of Altona extending 
into the region northwestward as far as the international boun- 
dary at Covey hill, Canada. 

Flat Rock spillways [see pl.18]. These bared surfaces of the 
Potsdam sandstone mark the path of a torrential discharge of 
water held on the northern slope of the mountains along a line 
from the notch at “the Gulf” [see pl. 25] on the international 
boundary line to a point west of the village of West Chazy, a dis- 
tance of about 19 miles. It is necessary to suppose that the ice 
front lay along the lower side of this spillway belt, which thus 
becomes quite as definite as a frontal moraine in the fixation 
of the position of the ice at this time. This line of evidence is 
confirmed by the occurrence of strong frontal deposits along the 
lower margin of the spillway zone near West Chazy at “ Cobble- 
stone hill” and northward [see geologic map of the Mooers quad- 
rangle, pl. 29]. 

More important than all this is the evidence afforded by the 
torrential action concerning the hight of the standing water 
then in the valley of Lake Champlain. The lower margin of the 
stripped bed rock near West Chazy descends nearly to the 620 
foot contour line; its upper limit in the district is approximately 
900 feet; farther north its upper limit is as high as 910! feet, and 
in the Gulf there is a water pool [see pl. 19] at the base of an 
abandoned waterfall at 8101 feet, and there is a lower lakelet in 
a chasm at 6451 feet [see pl. 20]. These lakelets would not have 
been produced by a fall of water into this channel when it was 
deeply submerged. There are evidences of water standing at 
some episode in this phase east of the Gulf? at a level between 


1These elevations are from Mr Gilbert’s notes, but have been taken inde- 
pendently by myself. 

2There is a brief account of the Gulf given by Ebenezer Hmmons in 
the Geology of the Second District. [Clinton County, p.309-10, 1842] He 
reports the small lake at the bottom as “said to be 150 feet deep.” He also 
states that “To account for the present condition of this rock, we have 
therefore to go back to a period when some current swept through this 
gorge with great force and power; for by no other means could the mate- 
rials, which once filled the space between the present walls of the gulf, be 
removed.” This is the first notice I believe of this spillway in scientific 


literature. 
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the levels of the two lakelets. An ice barrier extending to the * 
north and west of Covey hill caused the waters along its front _ 


to escape through the pass on the south side of the hill. When 


that ice barrier withdrew from the northern slope of the hill it — 


would have at once allowed the waters to take a lower channel 
around the northern slope of the hill and at the same time it would 
have removed the barrier which on the east of the hill retained 
the glacial lake at its high level. It can not be supposed there- 
fore that any part of the Gulf was excavated after the ice sheet 
withdrew from the northern side of Covey hill. The occurrence 


of the high beaches on the northwest corner of the Mooers quad- 


rangle at a level above the lower lake in the Gulf chasm, 
together with the line of beaches along the northern border of 
the Altona flat rocks—there lying above the lower limit of these 
rocks—makes it reasonable to suppose that after the scouring 
of the flat rock spillways had been well begun there was, at 
least at the northern end of the Champlain- valley, a local 
relative rise of the water level as the ice receded and this would 
be a consequence of the downsinking of ithe land in this: northern 
region. An uplift of the country about the lower Hudson would 
have accomplished the same result. That there was a local change 
of the first description is probable since as will be brought out 
more fully later, the shore lines in the Champlain district are 
more steeply inclined to the south than are the earlier water levels 
between New York and Albany. The reversed direction of tilt- 
ing of the land to the south which has since taken place would 
produce the observed discordance if the land were tilted more 
and more to the north while the glacial lake advanced northward 
in the face of the retreating ice sheet. 

Hvidence from the northern face of Covey hill [see pl. 25]. As 
is shown in more detail in the report on the Mooers quadrangle, 
the northern face of Covey hill is a critical field for the study of 
water levels in the upper St Lawrence valley. Mr Gilbert appears 
to have been the first to percéive this point and was I believe the 
first to make critical though unpublished observations on this 
interesting locality. Covey hill and the Gulf are localities at 
which most lines of evidence presented in this paper come to a 
focus; hence the various features which are there presented will 
be found often under separate headings in thig report. 
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As regards the position of the ice front on the northern flank 
of the hill, it should be stated that as noted by Mr Gilbert the 
highest well defined and clearly demonstrable beach along this 
line is at 450 feet above sea level. But above this beach occurs a 
succession of rude terraces with coarse and often rather angular 
blocks from just above the 450 foot line to about 570 feet. Some 


- of these are lines strikingly level for long distances; yet other 


parts of this system are inclined. All of them and particularly 
the highest show considerable cutting into the till cover of the 
hill. A till cliff is conspicuous at a number of localities on ‘the 
north side of Covey hill near the 570 foot level according to my 
aneroid readings. Waterworn pebbles and characteristic beach 
wall structure are apparently absent. Mr Gilbert according to 
his notes in his search for beaches ruled all these higher 
lines out, if I understand his notes correctly, because of their lack 
of horizontality. Prof. A. P. Coleman who examined them in 
my company in 1903 hesitated at the time to pronounce them 
beaches. They lie for the most part in the zone of certain high 
and coarse beaches of angular and shingly debris which can be 
traced to the southeastward on the northern part of the Mooers 
quadrangle. The deposits deserve further study with careful 
leveling and mapping. If not due to powerful waves these 
terraces seem to me to demand powerful currents acting in the 
manner of the streams which Mr Gilbert and later Professor Fair- 
child have traced along the ice front in central New York between 
Syracuse and Rome. Such stream action between the ice front 
and the slope of the hill would cut effectively and make a part of 
the stream bed in the till with one bank of that material, and 
the other half of the bed might be formed by the ice with the 
bank on that side also of ice. It is to be expected that, as soon 
as the ice withdrew somewhat from the northern face of the upper 
part of Covey hill, the heavy discharge of waters which had 
taken place through the Gulf would have been diverted to the 
north side of the hill at a lower-level. Farther south on the 
Champlain side there was a glacial lake with constantly lowering 
stages into which these torrential spillway levels would merge. 
Such is the interpretation which I have placed on these terraces 
above the marine limit of 450 feet on the northern flank of Covey 
hill. = 
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‘Further consideration of the changes of the ice front and the 
water levels at this stage are deferred to the chapter on the 
glacial lake which then overlay the Champlain valley [see p. 168]. 

Summary of retreat of ice in Champlain valley. Less evidence of 
the position of the ice front from time to time is found than is 
the case in the Hudson valley. This paucity of evidence is partly 
due to the extensive deposits of clay and sand found up to eleva- 
tions of 400 and in certain localities up to 700 feet along the slopes 
or in the embayments of the Adirondacks and the Green moun- 
tains. It is also partly due to the fact that there appears for a por- 


tion of the retreat at Jeast to have been a lake lying over the dis- i 


trict with conditions unfavorable to the formation of pronounced 
frontal deposits. Certainly no clear frontal moraines haye as 
yet been traced across the Champlain yalley floor. 

Small glacial lakes began to appear along the margins of the 
ice sheet as soon as it had shrunk to the dimensions of a mass 
merely filling the valley. In the numerous embayments on the 
western side of the valley, local bodies of water received delta- 
building streams from the back country The drainage of these 
waters was southward along the ice margin as shown by the south- 
ward building of the terrace at Street Road. 

The question is raised whether or not a local glacier entered 
Lake Champlain at Port Henry, a point east of Mt Marcy. This 
and other localities of aberrant striation require further study in 
the field. 


*See paper by Frank Taylor on Lake Adirondack in bibliography 
appended to this report. 


Plate 20 


View along the boundary line between the United States and Canada where 
that line crosses the gulf; looking east 
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Chapter 6 
VALLEYS OF LAKE GEORGE AND WOOD CREEK 


The Champlain and Hudson valleys are connected by three 
narrow detiles beginning on the west with that of Lake George; 
next east comes that of the southern end of Lake Champlain via 

- South Bay; then that of the Wood creek depression. These de- 
pressions, evidently preglacial, have been more or less modified by 
glacial erosion and deposition. For a time after the ice disap- 
peared from these defiles, water appears to have stood over all but 
the highest of the cols (Harrisina hollow), on the eastern base of 
French mountain at the southern end of Lake George. 

Lake George. The narrow valley occupied by Lake George is 
heavily choked with glacial drift at the southern end. The de- 
posits from the ruins of old Fort William Henry southward along 
the old military road past Bloody pond bespeak deposition in 
front of a mass of ice filling the lake valley. Subsequent waters 
appear not to have risen as high as Bloody pond, a kettle hole in 
the drift, at an elevation of nearly 570 feet above sea level. The 
more open pass at the east base of French mountain appears to 
have been the line of the main preglacial valley. This pass is called 
Harrisina hollow on Fitch’s map of 1850. There are here two 
apparently water-swept passages one at 393, the other at 349 feet 
in elevation. 

Professor Kemp has called attention to the islands in Lake | 
George as indications of an old divide, from which he infers that 
a stream once flowed north in the northern part of the lake and 
one south in the southern part, glacial deposition at both ends 
having brought about the existing ponding of the waters. 

In the diagram, plate 28, it will be seen that the upper stages of 
glacial waters in this area following the retreat of the ice entered 
the northern part of the lake but the Harrisina channels could 
not have controlled the hight of any but those preglacial lakes 
which may have existed in the Lake George valley prior to the 
melting out of the ice from its northern end, for the reason that 
lower passes exist to the east in the Whitehali district. 

No detailed examination of the valley was made in the present 
survey either for the history of the ice retreat or for shore lines. 


= " 2a ee 


166 NEW YORK STATE MUSEUM 


‘Wood creek valley. The singular trench from Fort Edward to 
Fort Ann, alluded to on page 77, forming an extension of the 
Hudson river main trough has already been described. At its 
northern end it is continued by ‘the valley of Wood creek into 
union with the Champlain valley at Whitehall. The drainage 
in both these swampy valleys is now northward into Lake 
Champlain. 

Asa Fitch ascertained, at the time of the construction of the 
Champlain canal through the Wood creek valley, a number of 
details concerning this swampy tract: which are here stated in his 
words. 


On excavating the Champlain canal, it was found that all along 
the valley of Wood creek, at about 6 feet below the surface was 
a layer made up of leaves, nuts, sticks, and logs, from whence 
springs of clear water were everywhere issuing. The nuts were 
plainly butternuts and beechnuts. Ash and other logs, quite 
sound, occurred, but no pine. Pine was originally abundant on 
the uplands each side of this stream, but none grew down in its 
valley. The trees, in most instances, it was plain to see, had 
their tops towards the south, that is, upstream. Below this layer 
of vegetable matter was a stratum of tough blue clay; above it 
was sand and loam, and in excavating for the bed of the canal 
lock 11 feet beneath the surface, the trunk of a black ashtree 2 
feet in diameter, and somewhat decayed, was come upon. 

A most important fact in this statement (continues Fitch) is 
that these buried trees were mostly found with their tops:towards 
the south, showing that when they were lodged here, the current 
was running in a direction the reverse of what it now does. 


One mile north of Fort Ann, Wood creek enters the highland 
region bounding the Fort Edward plains on the east, there 
plunging into a narrow gorge to pass into a constantly widening 
valley to Whitehall. This valley is of preglacial date at least 
with reference to the last ice advance but whether of Prepleisto- 
cene date in its restricted portion near Fort Ann is not now 
definitely known. Through it at Fort Ann the ice swept from 
the northeast as the striae south of Battle hill indicate. 

Throughout the extent of this valley the clays which appear 
in Hartford and Argyle as well as in the low ground about 


1A Historical, Topographical and Agricultural Survey of the County of 
Washington. Assembly no. 175, 1850. p.879-80. 
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Kanesville appear clinging to the sides of the valley in protected 
coves as high as the 240 foot contour in the vicinity of Comstock 
and westward. It is evident that these clays have been exten- 
sively eroded. In the stream valleys this removal may be attri- 
buted to the streams now flowing in them but in numerous cases 
along the sides of Wood creek valley the removal of the clays 
has been accomplished in a manner unaccounted for by stream 
action. These coves are repeated on the western shore of the 
southwest arm of Lake Champlain in the same series of deposits. 
The best explanation of them which I have arrived at attributes 
them to the sliding out of the clays in the manner of the land 
slips described by the late Dr G. M. Dawson! on the clay lands 
bordering the St Lawrence. 

The occurrence of the coves on the western sides of valleys is in 
part explained by the sweeping away of clays by ice action along 
the eastern wall of the same valleys against which the ice sheet 
must have pressed with greater force. This admission of the 
greater age of the clays is in line with the eroded forms which 
the deposits assume from Kanesville southward to and below 
Fort Edward in the axis of the long trough before described. 

Northward extension of clays into Champlain valley. The clays 
of the Wood creek valley, seen in Whitehall and about the 
northern base of Skene mountain are ‘traceable into the Cham- 
plain valley proper. At Dresden Center the clays rise to 360 
feet at least above sea level. Bodies of the clay occur in-all the 
recesses of the narrow river valley or southern part of the lake 
as far north as Ticonderoga, where they are found as high as 
400 feet above sea level. 

No marine shells have so far been produced from these clays in 
this southern part of the Champlain valley or southward over the 
Fort Edward district. Numerous small and irregularly formed 
concretions are seen in the clays, and are sometimes reported by 


the inexpert as shells. 


1Geol. Soc. Am. Bul. 1899. 10:484-90. Remarkable Landslip in Port- 
neuf County, Ontario. 
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Chapter 7 


DELTAS AND SHORE LINES OF THE CHAMPLAIN 
VALLEY 


The deltas of the Champlain valley have been studied by the 
Vermont geologists and later by Taylor, G. F. Wright, Baldwin 
and Upham. The shore line phenomena of the New York side 
particularly have received mention in the literature. Mr Gilbert 
in his unpublished notes and Cushing in his report on local 
geology appear to be the first to recognize their distinctness par- 
ticularly in the northern part of the area where the valley is wider 
and waves either of the sea or of a glacial lake would have had a 
greater fetch than in the southern constricted portion of the lake. 

From near Ticonderoga something like beaches begin to become 
recognizable in favorable situations and gradually incfease in size 
and distinctness toward the northern part of the State till within 
a few miles of the international boundary where they become 
here and there striking objects. 

Space can be found for the description of types of these de- 
posits only and then mainly the highest occurrences seen. 

Parallel roads on Hast Bouquet mountain. Immediately west 
of Bouquet station on the Willsboro quadrangle rises East 
Bouquet mountain, a rounded hill attaining an elevation of 1225 
feet. On the northeast slopes of this hill signs of wave action are 
traceable about halfway to the top. As nearly as I could estimate 
my position on the uppermost of these marks by the contour lines 
of the map, the highest of these wave lines is at 570 feet. The 
plane of tilting between the highest wave marks on Trembleau 
mountain and the Street Road highest beach cuts this hill at 560 
feet, which is presumably a better reading than 570 feet [see 
pl. 28 and explanation]. : 

Port Douglas beach ridge. On the Willsboro quadrangle, south 
of Trembleau mountain, a foothill of the Mt Bigelow mass is 
formed by a relatively thick drift deposit in the form of a ridge 
overlooking Corlear bay. The crest of this ridge, contoured to 540 
feet on the United States Geological Survey map, is wave heaped 
with subangular cobbles. This ridge must have formed an offshore 
bar or shoal when the waters stood at its hight over the Cham- 
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plain valley. I have taken the level from the local contour of the 
Willsboro quadrangle. 

Shore lines and deltas about Port Kent. By reference to the 
topographic map, plate 21, giving a part of the Plattsburg quad- 
rangle, it will be seen that shore lines and deltas are to be found 
from Port Kent back to Keeseyille on the Ausable river. 

Trembleau mountain on the south is thinly covered with drift 
particularly on the lakeward slope from 500 feet downward. Much 
of the steeper slope immediately west of Trembleau point has been 
stripped of drift by wave action. Heavy till deposits farther 
inland occasion the northern slope in the form of the broad spur 
extending from the 600 foot contour line down to the 400 foot line. 
Till again appears near the lake shore in Port Kent village; 
though on top of the hill on the border of the streets as laid out 
on the map a well was sunk some 12 feet in coarse waterworn 
materials containing cobblestones up to 10 inches in diameter, 
probably waveworn materials. 

Shore lines begin to appear first, as one descends Trembleau 
mountain, at about 590 feet. The deposits of this stage suggest 
the presence of ice, either floating or pan ice, by reason of the 
angular blocks in the rude but essentially horizontal, often spitted, 
beachlike deposits which can be traced where shown by the line 
on the map. Definite wave-heaped beach ridges appear a few feet 
lower at probably 580 to 585 feet in the elliptic hill crest shown on 
the map. The stones are subrounded in this deposit inclosing a 
shallow saucer-shaped depression in the center—the old lagoon of 
this offshore wave-heaped shoal. From this level traces of wave 
marks in parallel roads or occasional lines of waterworn pebbles 
(as along the road from Port Kent to the lowest notch in the 
crest of the mountain) appear down to at least the levels of the 
two churches in Port Kent. 

Near the old tollgate site, 1144 miles west of Port Kent, the spur 
of till before mentioned is cut back in the form of a good sea cliff 
having a length of about 14 mile. The base of this cliff is at 
about 340 feet and is confronted by one of the delta levels of the 
Ausable. It would appear that the heaviest and longest wave 
action took place locally at this level. That the escarpment in the 
till is due to wave cutting rather than to stream cutting during the 
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retreat of the ice sheet is shown by the fact that the surface of the 


till spur above this level is deeply cut by what I take to be marks 
of wave action. Well rounded gravel is encountered at approxi- 
mately this same level farther east on the northern face of Trem- 
bleau mountain, indicating efficient wave action there sufficient 
to pocket the material between ledges. 

There is a noticeable grouping of shore lines in Port Kent 
between 200 and 260 feet; back of Port Kent about 350 feet; a 

“rather persistent shore line at or just below 500 feet and in 
favored situations from 500 up to 585 feet. The most marked 
wave action in this range is at 350, 500, and from 585 to 590, 
because these last are the highest seen. A search above the 600 
foot line over the top of Trembleau mountain failed to show higher 
signs of wave action. 

A 500 foot delta plain is extensively developed about Keeseville, 
both east and west, and to the south as well. About 1 mile north- 
east of Keeseville, a hillock rises up on the sloping surface of the 
delta plain with what appears to be a circular shore line as shown 
on the map. The strength of the delta building and that of the 
shore line at the 500 foot line are rather marked. 


The next marked delta stage.in descending order coincides with | 


the base of the cliff above described at about 340 feet. A fragment 
of delta terrace lying between Wickham marsh and the Ausable, 
having a surface at about 250 feet elevation, accords with the 
wave lines in Port Kent village. 

As noted on the diagram, plate 28, these shore lines and deltas 
appear to be correlated with a tilted series of strong and weak 
lines of wave action and deltas traceable southward from the 
international boundary. It is probable, as I have attempted 
to show in chapter 10, that the upper marine limit at Port Kent 
is found at about 340 feet. Delta building at this stage would 
have covered the Ausable chasm}; hence, it follows that the chasm 
must have been cut since the land began to rise from the marine 
limit. 

Fossil marine shells have long been found in the sands of the 
delta south of Port Kent station. An account of these shells will 
be found on page 212. 
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Plate 22 


View looking north along the eastern slope of Cobblestone hill, just below 
the crest 
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Shore lines at Harkness. At Harkness on the hill east of the . 


railroad station there is a beach ridge at about 500 feet (aneroid). 
This hill hag a northeast exposure. A small stream entering the 
valley just east of the station has a sand delta at 510 feet. Above 
this delta on the hillside there is a faint shore line at 550 feet. 
Going up 2 gully excavated in gravel and sand and coarse cobbly 
drift, one comes to the top of an earlier deposit of the stream at 
about 650 feet. Above this level to 675 feet is a till ridge with 
kamelike contours. 4 

Below Harkness on the east of the railroad and at the foot of 
Hallock hill a sandy ridge extends for 2 or 3 miles at about 380 
feet elevation. The materials appear to have been wind blown. 

Deltas of the Saranac. There is a heavy development of deltas 
along the course of the Saranac river specially between Platts- 
burg and Cadyville. Unfortunately this district immediately west 
of Plattsburg has not yet been mapped topographically. 

There is a high level glacial delta just east of and below Cady- 
ville station (732 feet) with associated kames indicating deposi- 


tion in the presence of ice. Baldwin gives the elevation as 729 feet. - 


This corresponds with a series of sand plains in the valleys west 
of Lake Champlain if we admit a tilting essentially parallel with 
that of the upper marine limit. This tilted level correlates with the 
bare rock spillway southwest of Schuylerville from near Quaker 
Springs toward the battlefield of Saratoga. The waters in these 
northern side valleys must have flowed along the ice margin with 
slight fall toward the south where a lake appears to have existed 
at Jeast over the Fort Edward district. 

Below this high level delta about 40 feet is another level as yet 
not well understood. At about 650 feet there is a large sand 
delta which appears to be correlated with the tilted water plane 
contemporaneous with the Coveville stage of the glacial lake which 
covered this district. 

Again at Morrisonville station (449 feet) there is a broad plain 
at about 450 feet above the sea which appears to be correlated with 
the uppermost of a crowded series of beaches which extend up to 
540 feet at the international boundary and decline southward. It 
was probable that at this time the waters did not discharge south- 
ward through even the lowest of the channels near Fort Edward 
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butif they were not at the sea level of the time, formed a stage of _ 
the glacial lake in which a discharge was found past the northern 
border of the Green mountains into the lower St Lawrence valley 
past the edge of the ice sheet. This is a point however which is 
still under investigation. 

In the lower margin of this delta at Freydensburg’s mills at 
an elevation of 340 feet marine shells have been found. There are 
slight topographic evidences that this portion of the deposit is 
separated constructionally from the broad plain at Morrisonville. 
Certainly this part of the deposit was made in the sea. The © 
calculated hight of the upper marine limit at this locality is 
375 feet. | 

Shore lines of the Mooers quadrangle. The shore lines and 
deltas of this area are more fully described in the special report 
on that atlas sheet. : 

_ Beginning on the south near West Beekmantown, there are 
faint traces of wave action up to nearly 640 feet. Occasionally 
stronger traces with definite beach ridges are found at higher 
‘elevations northward till Cobblestone hill, northwest of West 
Chazy [see pl.22] is reached when remarkably strong wave action 
is found as high as 675 feet [see station 50, pl.28]. Thence north-- 
ward beach ridges occur along the northern and eastern margin 
of the Altona flat rock district at a slightly increasing elevation 
toward the north. There is a delta at Altona [see station 51, 
pl.28] with what appears to be an ice-free margin at 640 feet, and 
the remnants of another on the north branch of the Big Chazy river 
at an elevation of at least 660 feet [see station 52, pl.28]. North 
of Deer pond there are faint shore traces at about 705 feet. At 
Cannon Corners on either side of the English river there are hook- 
like bars curving into the valley mouth between 700 and 720 feet in 
elevation. Somewhat south of these and on the extreme western 
border of the area what appear to be wave-heaped materials 
occur as high as 750 feet. In the extreme northwestern corner 
of the quadrangle at the head of Kellas brook in the region known 
as Armstrong’s Bush there is a cobblestone ridge with a recurved 
hook at its southern end at an elevation of 720 feet [see station 53, 
pl.28]. A short distance west of this last example at the corner of 
the road leading to Covey Hill postoffice and beyond the limits of 


Plate 23 


The crest of Cobblestone hill, showing strong wave action on boulders and 
large cobbles. _Looking west. Elevation about 650 feet 
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and: upper St Lawrence valleys. Any fettieliedt or rociooe te 
the problems with which this report mainly deals should be 
begun at Covey hill. The absence of definite shore lines on the — 
smooth till slope of the northern face of this eminence from 570 
feet to the top is in striking contrast with the wave-ribbed slopes : 


of the Champlain valley on the south at an equal elevation. 


Except for one or two faint traces of parallel roads and a small 
delta on the north slope at an elevation not far from 800 feet _ 
the till slope of the upper half of the hill is practically as left 
by the ice sheet. The failure of beaches and cliffs due to the 
work of waves in this upper zone just where waves would be 
most effective had an open body of water been present to transmit 
the undulations of its surface against this impressionable glacial 
coating is one of the most conclusive arguments for the theory 
of glacial barriers. I have already described the corroborative 
evidence as to the upper limit of standing water in glacial lakes 
found in the abandoned spillway and waterfall of the Gulf. 
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Chapter 8 


LARGER GLACIAL LAKES OF THE CHAMPLAIN AND 
HUDSON VALLEYS 


LAKE ALBANY 


The preceding descriptions of the successive stages of frontal 
and marginal] deposits of the shrinking ice sheet and the attendant 
evidences of local water bodies within the Hudson valley make 
it evident that as the ice front retreated from the terminal 
moraine, bodies of water stood at the ice front increasing in length 
northward as the ice withdrew in that direction. Doubtless at 
many of these stages the water in front of the ice might justifiably 
be denominated a lake regardless of the relation to sea level. If 
the land were at the same level as now the outpour of fresh water 
would have excluded the salt and made the conditions those of 
an estuary or lake; with the land 100 feet lower so as to bring 
the deltas and terraces at Peekskill south of the Highlands at 
sea level the same conditions would have held; if for any geo- 
graphic reason the entire southern Hudson valley were above 
sea level at that time lacustrine rather than estuarine conditions 
would have prevailed. These considerations hold good also for 
the conditions in front of the retreating ice sheet as far north as 
the vicinity of Poughkeepsie at least. But north of Staatsburg 
and thence northward throughout the Hudson valley there is a 
record of continuous lacustrine conditions for a time marked by 
beds of clay and marginal deltas which indicate typical lacustrine 
conditions in the total absence of marine fossils from the beds 
deposited at this time. To this body of water whose clays were 
early designated the “Albany clays ” by Ebenezer Emmons, no 
name is so appropriate as Lake Albany. 

E. Emmons! wrote “ the Albany clay, or as it is in other places 
called Post-tertiary clay,” in 1843, long antedating the name 
Albany as used in the geology of Texas.2 He regarded the clays 


1Natural History of New York, division 5, Agriculture. 1846. 1 :260. 
21J, 8. Geol. Sur. Bul. 191, p.42. 
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and the sands which overlie it as one formation. According to 
him the chemical composition of the clays is as follows: 


Watér-of absorption.ts. A. SEAN ai lied DS BESS 
Organie matter” 70k axtis Jc CRA ae, Solas bg Sf 
Sulfate:of lames. 52 ca ceeeaare ee es ee 1 
Silica tes iy ross saa oon Pe ee ee 69.02 
Peroxid 6f iron and alymiga. 03... 2. o--nee ENG pay: 3 
POLES cs, vn Oe Se a wee eee eee ee .14 
Carbonate OL THNGs..c -e eek ot tra 4 eee ee 4 
MEAT EB TA Te oat ac trees hated ol oat ne eee ia ee 3 


99.82 


A trace of chlorid of sodium exists. No exact statement of 
the source of chlorid of sodium in this clay can be given. If it 
were marine it would be expected that considerable traces of com- 
mon salt and other sea salts would be found. The trace of 
chlorid of sodium noted by Emmons has no bearing on the marine 
origin of the clays since such traces are found in the surface 
waters even of the Berkshire hills 

Mr Asa Fitch M. D2 employed the term “ Albany clay form- 
ation” in 1849. He stated: “As neither its geological age or 
name is well settled, I prefer designating it the Albany clay.” 

Mr Fitch® noted the essential continuity of the clays from the 
Hudson yalley to Whitehall and thence into the Lake Champlain 
valley. In most of Washington county the clay rests directly on the 
Hudson river slate, though extensive beds of gravel locally inter- 
vene. East of Comstock’s landing the clay is stated to be 20 or 
more feet thick. In a railroad cut across the river from Fort 
Edward, Mr Fitch noted sand layers alternating with clay with 
local unconformity between these beds and an overlying sand 
deposit containing boulders of the underlying clay beds. 

Lake Albany doubtless began on the south in the waters stand- 
ing in front of the retreating ice sheet prior to the opening of 


*See Mass. State Bd of Health, 28d Rep’t, with map. Boston 1892. 

*Historical, Topographical and Agricultural Survey of the County of 
Washington. N. Y. State Agric. Soc. Trans. 1849. 1850. 9:872, 

®1. c. p.873-75. 
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the Mohawk outlet of the great glacial lakes on the west. As 
soon as the ice retreated in the valley to a position north of 
Albany and the drainage of Lake Iroquois came into the Hudson 
valley Lake Albany properly came into existence. 

The clays, and the deltas marginal to them, extend north of 
Albany certainly as far as the Moses kill. At this place the 
Hudson gorge proper widens out and the Albany clays which 
mantle the rock terrace.marginal to the gorge are separable from 
the clays of the low grounds northward by reason of the partly 
ice-swept character of the surface apparently indicating that the 
northern limit of the lake was at one time formed by an ice 
margin over the Fort Edward district. That Lake Albany with 
the melting out of the ice from the Champlain valley became 
confiuent with the glacial lake stages of that district is borne 
out by the extension of clays from one region to the other and 
by the extension of the water levels of the Lake Champlain area 
into the upper Hudson yalley through the Wood creek pass. 

The shore line of Lake Albany is most clearly shown by the 
altitude of the deltas of the larger streams which emptied into it. 
These include the old delta of the Mohawk, that of the Hoosic and 
the Batten kill and numerous smaller deposits southward in the 
Hudson valley. I would refer to Lake Albany only those deltas 
which appear to have been built in open water between the Batten 
kill and the vicinity of Rhinebeck. South of the last named point 
the deltalike deposits adjoining the Hudson gorge appear to have 
peen built in front of the retreating ice sheet, and I am led to think 
that the surface of these proglacial deposits was mainly if not- 
altogether above the level of Lake Albany at the time of its maxi- 
mum development, the waters escaping from the flooded middle 
Hudson valley through the old gorge on the south as waters now 
escape but perhaps at a still greater depth owing to a higher 
stand of the land on the south. : 

It will be observed that the deltas on the eastern side of the 
Hudson valley from the Batten kill northward to the Poultney 
fail to coincide with any one plane. In a report of progress 
on the field work for 1900 I interpreted the falling. off in 
altitude of the deltas successively northward from that of the 
Batten kill when compared with the highest shore lines about 
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Ticonderoga as due to a warping of the crust in the postglacial 
changes of level... A more complete study of all the phenomena 
involving a correlation of the spillways about Schuylerville 
with delta and shore lines far to the north makes it more 
reasonable to suppose that these lower. deltas on the north of 
Schuylerville were deposited in succession in the falling water 
levels of a glacial lake with varying but successively lower out- 
lets lying between the site of Fort Edward and Stillwater. In 
this view these lower deltas were not made in the waters of Lake 
Albany. If Lake Albany extended northward over the Fort 
Edward district and connected through the passes of the moun- 
tains with the Champlain valley, its deltas should be found suc- 
cessively higher on the north somewhere near the altitude of the 
line of comparison on plate 28. Thus on the Fort Ann quadrangle 
- the valley train of gravel and sand in the Mettawee valley above 
Raceville and about Middle Granville lying above the 400 foot con- 
tour line if not deposited at the Lake Albany level was at least 
laid down in these side valleys in probable contemporaneity with 
the later northern phase of this lake. There is a corresponding 
terrace on the western side of the Hudson valley at the base of 
Palmertown mountain, evidently an old delta of the Hudson but 
probably made in the presence of ice remnants in the valley 
though positive proof of this is now wanting. 

Of shore lines, between the deltas there is no distinct sign of 
wave action though along the eastern side of the valley a few 
feet above the upper limit of the main body of the clays there is 
a zone of smoothened and straightened contouring of the ground, 
above which unmodified drift surfaces present a noticeable con- 
trast. This kind of evidence is most marked from the Moordener 
kill northward past Troy to the Batten kill, a line which coin- 
cides very closely with the inner and upper margin of the old rock 
bench of the Hudson yalley floor. 

Correlation of Lake Albany with the western great glacial lakes. 
Lake Albany received on the north in the portion of its extent 
lying within the upper Hudson valley several large streams, the 
Moordener kill, Hoosic river and the Batten kill, coming from 
the east; on the west, the Adirondack—Hudson for a time at least, 
and more than all the drainage of the Mohawk valley. 


*N. Y. State Mus. An. Rep’t. 1901. p.r18. 
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The large delta of the Mohawk extending from Schenectady 
toward Albany is a witness of the fine sands and clays which 
poured into Lake Albany from the west, in which direction lay 
the great glacial lakes whose development coincided with the 
retreat of the ice front across the Mohawk valley. The stage of 
the great glacial lakes with which the delta appears to be equiva- 
lent is that of Lake Iroquois with its outlet at Rome and thence 
draining into the Hudson yalley. | 

Conditions under which the Albany clays were deposited. The 
~ conditions under which gravel and sand are deposited both above 
and below the level of standing water are much better understood 
than is the case with the sedimentation of clays, particularly 
those deposits with which we are here concerned, the rock-flours 
of glaciated districts. At the present time, there is an abundant 
literature concerning the clays of existing and vanished glaciers, 
in which, however, there is scant discussion concerning the factors 
which control the deposition of clays. 

There is a variation in the delivery of clay from a glacier 
dependent on diurnal and seasonal changes of temperature in the 
atmosphere, subject to modification by the passage over the 
glacier of those whirls of the atmosphere known as cyclonic move- 
ments or storms with their accompanying precipitation in the 
form of rain or snow. 

Diurnal changes of temperature and their effect on glacial clays. 
With each rotation of the earth on its axis in middle latitudes, 
a glacier is alternately exposed to the sun’s heat and shielded 
from this cause of melting. During the day, the effect of insola- 
tion is to swell the glacial drainage with water carrying detritus 
set free by the melting of the ice. Other things being equal a 
larger quantity of clay will be carried out of a glacier at day than 
at night when the streams are checked. The greater volume and 
velocity of the streams discharging directly from a glacier into 
a water basin during the day will tend to carry the suspended 
clay particles farther out and allow of their wider distribution 
by stream-made currents than at night when not only is there 
less clay delivered but the transporting agencies are less effective. 
But the clay deposited under these day conditions will contain 
more coarse mineral particles than the night clays when only 
the finest rock-flour escapes to the area. of clay deposition. There 
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may thus arise a banding of the clay deposits, in which coarser, 
thick rock-flour layers near the ice margin represent day additions 
and thinner, finer, more unctuous clays represent night deposits. 

The control thus exerted will be confused or lost where the 
waters discharging from different ice fronts reach the area of 
clay deposition through a common distributer after journeys 
a half day’s stream travel in difference of length. In this case, 
’ the day discharge of one stream may deposit at the same time as 
the night discharge from another stream. A similar disturb- 
ance or nullification of the differences of day and night discharge 
must take place in the Rhone valley where tributary glacial 
streams at varying distances from Lake Geneva have their clay 
load delivered to the lake several days after the start of the 
journey. Where the clay load of day discharge from one glacier 
near the head of the Rhone passes a tributary fed by a glacier 
lower down the valley at night, the day load of one becomes 
mingled with the night load of the other; and thus the difference 
between day and night conditions in glaciers which do not dis- 
charge immediately into clay-depositing areas will not have their 
diurnal changes recorded in the clay areas to which they con- 
tribute. As regional glaciers draw their frontal discharge of 
water from longer distances than valley glaciers such as those 
in the Alps, it is probable that there will be less difference 
between day and night discharge at the front in the former than 
in the latter, for the reason that some of the day water of the 
inland ice may reach the front only after half a day’s journey, 
thus tending to equalize the outflow. For all these reasons, it 
is probable that except in the case of the discharge of a single 
glacial stream into a limited area of clay deposition, diurnal 
changes of temperature will exert little control over those varia- 
tions in clay laminae which are characteristic of glacial rock- 
flours. t atlas! Ia nil 


Annual change of temperature and its effect on glacial clays. 
Summer is the time of glacier melting, winter the time of arrest 
of melting if not of actual freezing of glacial waters. The sum- 
mer discharge of glaciers is prevalently pebbly and sandy; the 
winter discharge is prevalently clayey, for the streams may not 
then be vigorous enough to carry sand and pebbles out to the 
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depositing grounds. Emerson! has invoked this seasonal change 
to account for the alternate lamination of bands of fat and lean 
clay in the Connecticut valley, making each layer of lean clay 
correspond to a summer, and each layer of fat clay to a winter. 

It is difficult to see how either this or the preceding variation 
in clay discharge will account for the essentially even deposition 
of alternately coarse and fine layers of clay and particularly 
alternations of layers of clay with layers of fine sand over a 
large area of deposition far from the mouth of the discharging 
streams, for the fine sand would go to the bottom within a short 
distance of the edge of the water basin where the streams entered. 

Astronomical changes. Gilbert,noting the remarkable rhythmic 
succession in the alternation of clays and sands in certain sedi- 
ments of the West compared the phenomenon with the supposed 
effect of periods of minimum and maximum variations in the 
ellipticity of the earth’s orbit, the geologic effects of which were 
first pointed out by Sir John Herschel. But as the period of such 
maxima and minima in the theory proposed by Croll cor- 
respond to entire periods of glaciation and deglaciation, it is 
not to be supposed that the glacial clays of a single episode of 
deposition manifest any control exerted by these changes and 
we may therefore dismiss the view as having no bearing on this 
group of clays. 

Prodelta clays. There are several other conditions controlling 
or interfering with the deposition of clays, particularly in bodies 
of water lying within or adjacent to a retreating ice sheet. One 
of these conditions is inherent in the method of delta construc- 
tion by which a stream swings from side to side of its delta. 

For illustration the simplest case will be taken, that of a glacier 
discharging its drainage by a single stream into the head of a 
bay or lake on the border of which it has already built a delta 
across whose surface the stream swings in the process of dis- 
charging its load of gravel, sand and clay. 

While the stream is aggrading its delta, it swings from side 
to side through the arc whose trace is the free margin or shore 
line of the deposit and whose center is the mouth of the glacial 
stream. Take the stream at a moment when it lies at one side 
(say the left) of its delta contiguous to the ice front. Its burden 


1Hmerson, B. K. Geology of Old Hampshire County, Mass. U.S. Geol. 
Sur. Monogr. 29. 1898. p. 706-7. 
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of gravel and coarse sand enters into the construction of the delta 


proper. Over the bottom of the lake or bay the clays carried out 
in suspension are constantly coming to rest at distances from the 


delta margin determined by the presence and velocity of the — 


currents and the time taken for the particles to fall through the 
water. For some distance over the bottom in the path of the 
stream-made current, the finer particles of sand which have not 
at once been drawn by gravity down on the delta talus will come 
to rest, forming a deposit of very fine sand extending outward 
from that part of the base of the delta. Around the remaining 
portion of the area confronting the delta base, clays will deposit 
as elsewhere over the floor of the water body. In the course of 


EOE 


wm. 


Fig. 22 Cross-section of interstratified clay and sand on lake or bay bottom in 
advance of a delta 


a few days or weeks or months, dependent on velocity, load, and 
the area of its delta fan, the stream will have moved laterally 
across its delta to the opposite side. The fine sands will now 
have been deposited over the entire area in front of the delta 
base while clays will have been deposited on that side where sand 
was previously going down. Still later, the stream will have 
swung back to the left of the delta and sands will be depositing 
along that portion of the basin floor, while clays are deposited 
over all the area on the right. The stream thus swings to the 
left and right of its delta, strewing fine sand over the bottom in 
advance of the delta. These changes will continue so long as the 
stream is building up its delta and the water body is unfilled with 
Sediment. There will thus be built up on the floor of the basin 
an alternation of layers of clay and fine sand, whose stratification 
Seen in a cross-section drawn transverse to the axis of the delta 
will be that shown in figure 22, in which the black line represents 
the sand layers, the white banding, the clays. 

Where the stream halts, the sand layer will be thicker than 
where the stream has moved steadily along in its lateral motion. 
At the extreme right and left, where the stream has halted and 
turned back on its course, the sand bands should be thicker than 
in the middle of its shifts. 
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Sand partings will ordinarily be thinner than the clay part- 
ings for the reason that the fine sand is depositing over the basin 
only beneath the laterally shifting, stream-made current, while 
clays are making everywhere else in the longer time during which 
the stream fails to cover the much larger segment of the arc 
traversed by its swings. The thickness of clay layers and sand 

i layers will be greater the slower the rate of lateral swinging of 

a the stream; the sand layers will thicken toward the delta, the 
clay layers will thicken away from it; and at a distance beyond 
which the fine sand is carried in suspension, the deposit of clay will 
be from this cause alone continuous. The rate of lateral shifting 
will increase directly as the load carried by the stream since the 
excess of detritus left on the delta plain over that carried to its 
edge fills up the bed and causes the current to slide off on to the 
part not so much built up or to give off distributaries which will 
naturally start out from the side toward which the stream is 
shifting. Thus increase in load and marginal discharge will not 
give rise to a proportionate increase in thickness of the prodelta 
sand layers for the reason that the stream will not deposit sand 
for so long a time over a given space, because its cycles of swing- 
ing will be more rapid. 

Delta streams tend to break up into minor streams or an inter- 
lacing of streams, so that there will frequently be many lines 
of prodelta sand deposition, introducing minor bands of sand and 
clay. The breaking out and shutting off of a distributary which 
ends independently on the delta edge will give rise to lenticular 
partings of sand over the prodelta floor. 

The above statement is somewhat ideal, but the prodelta clays 
of the small esker fan at Drownville R. I. appear to the writer 
to illustrate the theory here presented. It is doubtful if the regu- 
lar banding of larger: bodies of clay miles beyond a delta margin 
with an even lamination of sandy partings can’be so explained. The 
criterion of the applicability of the explanation to any given area 
will be found in the thickening of the sand partings in the 
direction of the delta and their passage into the segment of the 
“ foreset ” beds of the delta with which they are contemporaneous 
along any given portion of the delta front. Observation and 
experiment are required to determine the distance over which 
fine sands may be carried in suspension in fresh, salt and 
brackish water. 
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Another source of the variations in clay texture and a cause of 
sandy partings lies in the fine sand and dust blown out over bodies 
of water by the winds. Such subaqueous deposits it is believed 
are more widespread than has generally been supposed.- The 
agency of the winds is readily recognized when the product trans- 
ported is volcanic ash, but in the case of ordinary sands and rock 
dust it is less easy to determine the wind-borne origin of the 
material when laid down under water.! 

The abundant evidence of the deflation of the sandy and grav- 
elly plains left bare by the retreat of the ice in the eastern United 
States and the extent to which such sands are now being blown 
away from one tract and accumulated on another makes it 
highly probable that eolian deposits would be made in bodies of 
water and particularly in this latitude in the warm months of 
the year for during the winter snow and ice protect the sand from 
wind action. These sands in New England usually blow during 
the times of dry westerly winds, for the reason that easterly moist 
winds by the films of hygroscopic water which they permit to 
collect about the dust particles cause them to adhere and resist 
the action of the wind. These alternations of moist and dry con- 
ditions, of easterly and westerly winds, occur at the present time 
with singularly frequency owing to the movements of cyclones 
across the eastern United States. As noted by Clayton, rainy 
days with easterly winds recur about once a week and so do the 
following westerlies. Applying this possible cause of the inter- 
lamination of fine sandy layers with the glacial clays as they 
occur in the Upper Hudson valley, the clay layers would corres- 
pond to times of wet conditions when discharge from the ice 
would be most active; and the films of sand would correspond to 
longer or shorter episodes of strong westerly winds according to 
the thickness of the bands. In this view, the summer time of 
marked development of the interlamination should be distin- 
guishable from the winter time of almost continuous clay deposi- 


*For instances of wind-borne dust and fine sand showered down over 
water bodies, see Verbeck, Chevalier. Krakatoa and the appended charts; 
Reclus, E. New Physical Geography, vol.2, The Ocean. N. Y. 1886. 
p.198-200; Darwin, Charles. Naturalist’s Voyage Around the World. 
N. Y. 1887. p.5; Marsh, G. P. The Earth as Modified by Human Action. 
N. Y. 1874. p.545-608; Bather, F. A. Wind-worn Pebbles in the British 
Islands. Geol. Ass’n Proc. June, 1900. 16:396-420, with bibliography ; 
Meunier, 8. La géologie expérimentale, Paris. 1899. ch. 6. p.208-16. 
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tion uninterrupted by dust and sand falls not only because of the 
anchoring of the sands by ice over the dry land but also by reason 
of the ice covering of the lakes or estuaries in which iy clays 
were deposited. 

In this view, the sand partings of clays in this region should be 
thickest on the western side of the clay area and should wedge 
out to thin layers on the east, due allowance being made for the 
drifting, by currents, of the dust which falls into the water. 

The interpolation of sand partings by recurrent wind action 
in something like cycles of one week agrees more closely with 
the probable rate of deposition of the observed strata than the 
supposition that the alternations depend on seasonal or diurnal 
changes; and instead of allowing 5000 years for the deposition 
of the clays in the Connecticut valley, for instance not more than 
one 50th part of that time would probably suffice under the con- 
ditions of excessive discharge of rock-flour from the neighboring 
melting ice sheet. 

The sandy partings in clay often simulate the loess in character 
and it is in them also that the equivalents of the “ loess pupchen ” 
or “ clay dogs ” are frequently found. There is good evidence that 
many areas of loess are of eolian origin; but the sandy partings 
in subaqueous clay areas differ from loess in that the sand has 
come to rest beneath a water body rather than on an open air 
surface. 

Succession of glacial clays. It has already been pointed out in 
the chapter on the effects of retreating glaciers how deposits 
on the same stratigraphic plane may be of different ages or stages 
of glacial retreat. Each proglacial delta has its supplement in 
clays extending from beneath it over the low ground in front of it. 
Thus the fact that in the lower Hudson valley we find clays under- 
lying gravels and sands does not show that there was first a 
time of clay deposition followed by one of coarser deposits unless 
it can also be shown that the gravels and sands were simul- 
taneously deposited by normal streams. The ice contacts in that 
region point clearly to a succession from north to south as the 
ice front receded. 

Exceptional reasons for predominance of clay deposits in the 
glacial series of the Hudson valley. The dominance of clays in 
the Hudson valley from the Highlands to the mountains which 


186 NEW YORK STATE MUSEUM 


shut the lowland off on the north about the margin of the Fort 
Edward plain is in great part dependent on the preglacial his- 
tory of the district. Throughout this area the graptolitie rocks 
forming the argillaceous facies of the Lower Siluric known as 
the Hudson river group and comprising the Lorraine and other 
bodies of fossiliferous shale form the walls and floor of 
the Hudson river valley andits gorge. All of the glacial erosion 
on this terrane could not but produce clay at every step in the 
trituration of the material. The shales even where more or less 
mountain built and cleaved give way in small bits rather than 
those large fragments which the ice sheet was enabled to drag 
out from jointed sections of the harder rocks in the districts on 
the east and west. ‘To this original clay of the valley there was 
added the rock-fiour brought in from the higher grounds of the 
valley sides whenever and wherever the drainage was free to 
concentrate in the main channel. Moreover during the draining 
of Lake Vermont (glacial Lake Champlain) much clay was moved 
southward and left in the upper Hudson valley. 

Organisms of the clays in the Hudson river valley. A long and 
fairly diligent search has been made for fossils in the Albany 
clays and the earlier deposits which oceur farther south in the 
Hudson river valley but without the finding of fossils which 
indicate the presence of the sea during the stages of clay deposi- 
tion. 

Ries has discovered the spicules of a sponge (Hyalonema) and 
fresh-water diatoms Navicula gruendeleri As., Navicula permagna 
Kdw., Melosira granulata (Uhr.) Ralfs., Niteschia granulata 
(Gruend). He also reports finding impressions in the blue clay at 
Croton Landing which the late Professor Hall regarded as worm 
tracks. 

I have collected small sinuous trails from the clays at South 
Bethlehem agreeing closely with those mentioned by Emerson! 
from the clays of the Connecticut valley and referred to the 
larva of a dipterous insect (Ohironomos motilator). 

J. Eights in 1852 described fossil leaves from the clays near 
Albany. Emerson? mentions leaves known as Mitchella repens 


*Emerson, B. K. Geology of Old Hamden and Hampshire Counties, 
Mass. U.S. Geol. Sur. Monogr. 48, p.720. 
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from the Hudson river clays and refers then to Vaccinum Segue ia 
cus abundant in the Connecticut clays. 

Other observers have from time to time reported fragments of 
wood and lignite in clays in or about the river gorge but much of 
this material appears to be of more recent origin than the 
strictly glacial and Albany clays (see paper by Fitch in. bibli- 
ography at end of this report). 

Indian shell heaps occur along the banks of the Hudson at 
various places, composed largely of the shells of oysters and 
these have occasionally been seen in situations which led to the 
belief that they were in place in the sands overlying or inter- 
stratified with the clays. An examination of such a supposed 
case on the Croton delta showed Professor Grabau and myself 
that the shells were in a talus and derived from an old shell heap 
at the top of the bluff. 

As for the remains of a reindeer found at Sing Sing (Ossining), 
I do not know the circumstances under which it was found; but 
its occurrence is consonant with the view of nonsubmergence of 
the lower Hudson valley. 

So far as present evidence goes it appears safe to state that 
no strictly marine fossil has been found to be indigenous in the 
waters in which the clays were deposited from the mouth of the 
Hudson to the vicinity of Whitehall; and further that no 
estuarine species are known in the clays or sands. This does 
not mean that the clays were not deposited at sea level with a 
communication with salt water on the south or at the north 
but that they may have been laid down at or as far above sea 
level as their geologic environment may demand. 

Landslips. The disastrous landslips characteristic of many 
clay areas, as for instance those of the St Lawrence valley de- 
scribed by the late George M. Dawson! andthe recent catastrophe 
in Norway reported by Dr Hans Reusch,’ are not likely to occur 
in the Hudson valley for the reason that over the great portion 
of the clay area these deposits lie on the dissected and glaciated 
rock terraces of the river. There is no great thick deposit of clay 


1Apstract in Am. Geol. 23, p.103. . 

7Reusch, Hans. Norges Geologiske Undersébgelse, no. 82, Aarbog for 
1900, Kristiania. 1901; Nogle optegnelser fré Vaerdalen, p.1-32 ; Jordfaldet 
ved Morset i Stjordalen, p.32-44; The Landslip at Morset, p.226-28. Some 
notes regarding Vaerdal, p.218-26. 
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in the Hudson valley. Still there are narrow tracts bordering the 
river bank as at Newburg where inconsiderable slips might cause 
much damage or loss of life. The confinement of the river within 
its rock gorge is a further protection to the masses of clay which 
remain on the borders of the river. 

Landslips in a glaciated district particularly where clays are 
covered with gravels and sand or glacial till often simulate the 
irregular topography peculiar to undisturbed glacial deposits. 
Even the structure of glacial deposits may in some tases simulate 
broad landslip movements for the reason that under the pressure 
of overriding ice the subjacent loosely textured deposits have been 
disturbed in much the same way as in normal landslips; but the 
association of glacial features such as the indications of the 
former front of the ice sheet and the distribution of the deposits 
usually make it possible to discriminate landslip topography from 
glacial topography. 

Contorted clays. Contorted clays have long attracted the at- 
tention of observers in the Hudson and Champlain valleys. Eben- 
ezer Emmons! noted contortions in the clays at Albany and as 
early as 1846 referred the phenomenon to the sliding of upper 
beds over lower ones in the movement of the clay bank toward 
its unsupported edge. This explanation appears to be satisfac- 
tory for many cases in the clays laid down after the final disap- 
pearance of the ice sheet from the district. It finds confirmation 
in the numerous instances of the sliding of masses of clays or 
landslips which have been observed at one point or another along 
the banks of the Hudson The contortions can only indicate the 
beginning of a restrained movement of this nature. But there 
ate other ways in which contortions may have arisen in this field, 
viz, through the advance of the-ice sheet on the clays laid down 
about margins of the ice, and through the lateral flow of clays 
from the growth of superposed deltas of sands and gravels about 
the margin of the clay tracts, a cause of contortion in clays noted 
by Russell’ in the dessicated Lake Lahontan of the Great Basin. 

Contortion through the forward push of the ice along its margin 
is to be suspected in the case of the contorted clays in the basal 
portion of the seetion on Croton point; but the contortions can 


*Emmons, . 1847. See bibliography, 53. 
*Dwight, W. B. 1886. See bibliography 45. 
“Russell, I. C. Lakes of North America. Boston 1895. p.50, fig.7. 
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not be taken as a criterion of the presence of the glacier unless in- 


dependent evidence of the presence of the ice be found and even | 


in this case the direction of the overthrusting movement shown by 
the clays should agree with the axis of movement of the ice margin. 
As this movement in the clays would be away from the ice contact 
terrace it should be possible to discriminate in favorable situa- 
tions contortion through gravitative sliding from contortion by ice 
thrust. In the Croton point case, there is evidence of the presence 
of the ice in the morainal revetment of the remaining portion of 
the old ice contact terrace on the north and the contortions have 


Fig. 23. Contortion and intrusion of clays in sand bank south of Port Kent railroad 
station, as seen July 31. 1900: A, the clay; B, the foreset sands of the delta ; C, upper vost 
undisturbed sand layers 


their axial planes thrown over to the south away from the ice, 
hence it is possible to infer that a slight ice thrust is indicated 
here. 

The case is described elsewhere in this report in which the ice 
sheet has overrun clays in the Hudson gorge between Schuylerville 
and Fort Edward, producing contortions of large size. 

At many points where streams have constructed deltas on the 
margins of the clay area crumpling is to be suspected as an effect 
of the weight of the overlying sand and gravel. A rather marked 
case, probably a locality earlier observed by Ebenezer Emmons, is 
that of the southernmost lobe of the marine delta of the Ausable 
exposed in a section south of the railroad station at Port Kent on 
Lake Champlain. The sands which have here been deposited over 
the clays have resulted in the disruption of the latter in the man- 
ner of irregular dikes penetrating the overlying sands. 
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Chapter 9 


LARGER GLACIAL LAKES OF THE CHAMPLAIN AND 
HUDSON VALLEYS (continued) 


LAKE VERMONT OR GLACIAL LAKE CHAMPLAIN 


From the failure of the higher shore lines of the Lake Cham- 
plain district to pass around the northern spur of the Adirondacks 
at Covey hill and thus westward along the northern flank of the 
mountains it seems as before stated necessary to postulate an ice 
dam across the mouth of the Champlain valley acting as a barrier 
to retain the waters in it up to these higher levels. The waters 
thus confined in the Champlain valley already recognized by Bald- 
win, Upham and others, have been referred to as glacial Lake 

Champlain. As this body of water was of far greater extent 
than Lake Champlain and came into existence independently of 
this smaller lake and moreover was separated in time from Lake 
Champlain by a marine episode in the valley, it seems best to 
employ a distinctive name. As the glacial lake covered practi- 
cally much of the state of Vermont west of the Green mountains 
and probably penetrated through that range at its highest stages 
to the basins on the east of the mountains, “ Lake Vermont” is 
used here instead of the descriptive phrase heretofore employed. 

This body of water was apparently at first as noted by Upham 
confluent on the south with what is in this paper denominated 
Lake Albany. . Just how far north in the Champlain valley the 
ice had retreated at this early stage depends on the interpreta- 
tion of the higher gravel ridges and beachlike deposits in the 
northern half of the Champlain valley. On the extent to which 
the ice had retreated depends in turn the extent at any time of 
the lake toward the north. The outlet of these ice-dammed waters 
at this early stage of confluence across the present divide of the 
Hudson and Champlain basins is a matter which concerns the 
interpretation of Lake Albany on the south and ig considered in 
that connection. Lake Vermont may be said properly to have 
come into existence when in consequence of a local lowering of 
the waters south of Fort Edward a discharge began across a bar- 
rier into the Hudson valley on the south. 
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Before passing to the notice of the outlet of Lake Vermont, it is 
desirable to determine, if possible, from the facts in hand the 
nature of the change which brought about a separation of the 
clay-depositing waters which extended from the upper Hudson 
valley into that of Champlain. On plate 28 of this report, a line 
(A-B) is drawn on the profile for the purpose of comparing cer- 
tain water levels which occur at indicated points on the sides of 
the Hudson and Champlain valleys. The plane in which this 
line lies has a tilt from north to south at the rate of about 2 feet 
to the mile. The line is drawn through two of the highest beaches 
found between Port Kent and Sawyers hill at Street Road on the 
New York side of Lake Champlain. It is possible that these 
beaches are not contemporaneous. From Street Road to New 
York city there are practically no kettle holes now remaining 
unfilled in the drift below the levels which this inclined plane 
traces on the sides of the valley, except it be that the large kettle 
holes in and about Glen lake descend below the plane, with their 
tops, however, well above it. The kettle holes quite uniformly 
fall off in level to the south in rude parallelism with this plane 
of comparison. : 

From the southern border of the Highlands of the Hudson 
southward the sand plains and terraces contemporaneous with 
the retreating ice front rise to the northward in succession in 
close parallelism with this plain and approximately to equivalent 
elevations. Throughout the middle Hudson valley there is less 
accord in elevation of the actual deltas and this projected 
plane of comparison. It has proved well nigh impossible to 
find any systematic relation of the various water levels which 
are indicated in this portion of the valley, after making due 
allowance for such deposits as appear from their form or struc- 
ture to have been built in waters confined along the ice margin 
or held up on the rock terraces of the Hudson gorge by ice remain- 
ing in it. In general there is clearly indicated, however, a rise 
of the water levels toward the north at something like the same 
rate of tilting as that indicated by the line of comparison; but 
the upper limit of the deposits falls below that of the plane of 
comparison as if at this later stage of delta building along the 
ice border in the river either the land had risen or, if it were 


LS Pa NEW YORK STATE MUSEUM 


already well above sea level, the outflowing stream in the gorge 
on the south had more deeply excavated its channel so as to per- 
mit the draining of the waters of Lake Albany and the region on 
the north to a lower level. A general southward tilting of the 
whole region would have accomplished the same result during the 
early lake stage. 

In choosing between .the above views, it has to be noted that 
after the barrier was instituted in the upper Hudson valley 
between the lake waters of the Champlain and Albany dis- 
tricts the water levels established in the former area according 
to my interpretation of them as shown in plate 28 are tilted now 


much more steeply than those of the Albany clay region in the 


middle and southern Hudson valley. On account of the apparent 
close approximation of the water levels in the lower and middle 
Hudson valley to the line of comparison above mentioned it 
seems probable, though not to my mind thoroughly demonstrated 
by the analysis I have been able to make of the mass of details 
presented by the district, that the land remained fairly stable 
during the retreat of the ice sheet from New York narrows north- 
ward, such changes of level as are indicated by the altitude of 
the proglacial deltas and terraces being due to fluctuations in the 
water levels and the excavation of the drift in the Hudson gorge 
during the time that Lake Iroquois discharged through the Mo- 
hawk valley into Lake Albany. The land was then relatively to 
its present attitude tilted down on the north so that the line of 
comparison in plate 28 was essentially parallel to sea level. Fol- 
lowing this essentially stable phase an actual down tilting to the 
north ensued with an axis of no change of level somewhere not 
far north from Albany, bringing the Champlain district into 
parallelism with the later shore lines including the marine limit 
as indicated in plate 28, and producing a corresponding uplift in 
the lower Hudson yalley. This change of itself would have pro- 
duced a rise of the waters in the glacial lake on the north of 


Albany in an increasing ratio with the northing and an apparent 


lowering of the shore lines in the valley south of Albany. This 
probably was the time of maximum water hight over the divide 
south of Fort Edward. The excavation or reexcavation of the 
Hudson gorge in the far south, favored by the increased current 
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due to the influx of waters from Lake Iroquois, gradually lowered 


the level of the waters in the lakes on the north till Lake Albany 


as such was drained, leaving Lake Vermont behind barriers of at 
first superficial deposits in the Schuylerville district and when 
these had been breached by the excurrent stream it was still held 
in by the divide in the floor of the Wood creek channel near Fort 
Edward. This hypothesis which regards the whole of the eastern 
part of the state as moving blocklike without essential warping 
in the tilting appears to me to have more support than the idea 
of warped levels. It regards the land as tilting down on the 
north as the ice went off, remaining down for a time, and then 
beginning the reversed upward movement which probably is still 
in progress over the north as its opposite is taking place at the 
mouth of the Hudson. 

Outlets of Lake Vermont. The question of the outlets of Lake 
Vermont, the glacial lake held in over the site of the present 
lake Champlain and extending southward into the Fort Edward 
district, to which reference has been so frequently made in these 
pages, has not been completely exploited as yet by field work. 
The principal points remaining undetermined concern the possi- 
bility of an early high level stage of overflow through the 
Winooski valley into the Connecticut and a leaking out of the 
waters along the northern end of the Green mountains past 
the ice sheet into the St Lawrence gulf at a late stage in the 
lake history just before the marine invasion. Between the 
very high and the very low stages of level at which these con- 
tingencies might arise in the situation of the outlet of waters 
over the Champlain area there are a number of data which point 
to the location of outlets accordant with the intermediate lake 
levels on the hypothesis of tilting to the south. These outlets 
lie between the vicinity of Fort Edward and Stillwater in the 
upper Hudson valley coincident with and south of the present 
divide between the Champlain and Hudson basins. 

The outlets in this vicinity are described below under the title 
of the Quaker Springs, the Coveville (or Dovegat), and the Fort 
Edward outlets. 

Quaker Springs outlet. The surface of the western terrace of 
the Hudson gorge in the vicinity of the battlefield of Saratoga 
from near Quaker Springs southward to Stillwater is partially 
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stripped of its coating of clay and sand indicating as pointed 
out in the first part of this report that a powerful stream of 
water coursed over this path previous to the reexcavation of the 
Hudson gorge. This stripped floor has an elevation of about 
280 feet above the sea near Quaker Springs. The stripped char- 
acter of the ground is not perhaps at first easily perceived for 
the reason that the Hudson river slates and shales break down 
into clays very readily. On many of the farms in this belt the 
disintegrated and partly decomposed shales are directly invaded 
by. the plow. 

When water flowed over this bench the delta of the Batten kill 
must have extended in something like its original contour over 
the gorge of the Hudson and the Coveyille channel near Schuyler- 
ville. The Albany clays must also have filled the Hudson gorge 
on the south. The occurrence of this spillway marks a new 
episode in the upper Hudson valley, the draining away of Lake 
Albany, and the beginning of the reexcavyation of the Hudson 
gorge so far south as that had been filled by the clays of this lake. 
It remains to determine if possible the condition of the geography 
on the north of this spillway. 

It should be stated that the writer was led to consider the 
Quaker Springs scourway as associated with the outlets of a 
glacial lake on the north on observing that a plane passed through 
certain higher water levels in the Adirondack region [see the 
line T—U, on pl.28] came to the level of the Hudson terrace 
precisely where this phenomenon of stripping was most marked. 
There must have been for a considerable length of time a very 
strong discharge of water along the ice margin and the western 
wall of the Adirondacks southward into the Hudson valley, fol- 
lowing the ice edge throughout this distance so far as the ice 
still remained in the depressions or discharging into lakes of 
varying level at the ice front. The line above referred to has 
been drawn nearly parallel with that taken to indicate the marine 
limit at a later time. It will be noted that the plane nearly 
coincides with the top of the glacial terrace at Street Road as 
well with the later shore line imposed on the slopes of that 
marginal delta. Though what I have taken to be traces of the 
shores of water bodies occur along this plane of tilting northward 
to the international boundary in the embayments of the Cham- 
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plain valley I have been unable to find along this plane north 
of the Street Road locality traces of shore lines in exposed situa- 
tions where an open lake would leave traces. It seems to me 
therefore not demonstrable at present that the actual ice front 
had retreated very far north in the Champlain valley at this 
stage but that more likely there were glacial lakes of the Mar- 
jaelen See type though probably larger than this example occur-. 
ring here and there along the ice margin at approximately the 
same level and draining from one to another southward. 

This plane if followed northward will be found to graze the 
northern half of the Batten kill delta, which appears to have 
been built later than the southern half; it falls on a 580-foot 
beachlike deposit in the southern part of the Port Henry quad- 
rangle, and on a lake (?) terrace at 600 feet at Elizabethtown on 
the quadrangle of that name, on the upper Bouquet river, a tribu- 
tary of Lake Champlain; it touches a high terrace deposit also on 
the Bouquet river branch in Lewis on the Ausable Forks quad- 
rangle 2 miles north of Towers Forge at an elevation of 620 feet. 
On Black brook (Ausable Forks quadrangle), there are broad 
stream plains between 660 and 680 feet in elevation west of 
Clintonville; also plains at 700 feet at Clintonville: all in this 
tilted plane. This plane also strikes the Saranac river at an 
elevation between 720 and 740 feet. Cadyville station is 732 feet; 
just east and slightly lower (729 feet Baldwin) is a large delta 
probably of this series. The plane would meet the international 
boundary between 820 and 840 feet. Just west of the Mooers 
quadrangle is a beachlike ridge indicating some kind of water 


- action at this level, approximately that of the upper lakelet at 


the Gulf. 

The Cadyville delta is associated with kames; the Street Road 
terrace was clearly built between walls of ice on one side and 
of rock on the other. Both deposits are below the level of the 
upper part of the great spillways on the Mooers quadrangle. If 
the land stood during these stages at anything like the attitude 
assumed during the ensuing marine invasion, these glacial de- 
posits may be considered as nearly contemporaneous, thus carry- 
ing the ice down to the vicinity of Ticonderoga. 

All that can be at present stated with confidence concerning 
Lake Vermont during the discharge at the Quakers Spring outlet 
is that the ice appears to have ‘been retreating and shrinking in 
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the Champlain valley and that it had withdrawn as far north as 
Street Road but probably had not withdrawn as far north as 
Trembleau mountain at Port Kent. 

Coveville outlet [see pl.11]. One of the singularities of the 
gorges lateral to that of the Hudson in the upper valley of the 
_ Yiver is the arrangement of the Hoosic opposite that of Round 
lake, and farther north the opposition of the channel of the 
Batten kill to that of Fish creek the present outlet of Saratoga 
lake. The only feature however of these side gorges to which 
sufficient attention has been paid in this survey to warrant dis- 
cussion is the old channel of the Hudson west of Schuylerville. 
Between Northumberland and Bacon Hill a trough about 1 mile 
wide at top and 4 mile wide over the floor overhangs the present 
gorge of the Hudson and extends southward to Grangerville 
where Fish creek valley enters it from the west. From this 
point the old trough extends southeastward to the west-bank of 
the Hudson below Schuylerville, there overhanging the floor of 
the gorge at Coveville (the Dovegat of the Revolution), a re- 
markable recess in the western wall of the gorge. At North- 
umberland the restored contour of the floor of this old hung-up 
channel would make its present elevation about 220 feet above 
the sea; at Coveville the floor of this hanging valley is about 200 
feet above tide. The cove at Coveville in its relation to this 
hanging valley shows clearly that a large stream at one time 
flowed southward over the wall of the gorge at this place into 
the main gorge of the Hudson river, and was arrested after a 
slight amount of cutting had been accomplished. 

Fish creek now enters this old valley at Grangerville, flows 
along its eastern side for about 2 miles, turns sharply north- 
eastward through a narrow and steep valley to the Hudson on 
the southern limits of old Schuylerville, falling approximately 
100 feet in a distance of 2 miles. 

The Hudson river must have at one time flowed through this 
Coveville valley at a time when the bed of the river was in this 
latitude approximately 100 feet higher than it now is. The 220 
foot elevation of the old valley back of Northumberland coin- 
cides closely with the terrace on the east side of the river above 
Thompson and thence northward to the Moses kill. Further- 
more the delta of the Batten kill northwest of Bald Mountain 


ANCIENT WATER LEVELS OF CHAMPLAIN-HUDSON VALLEYS 197 


settlement displays an eroded edge. Similar indications of the 
old level of the river exist on the west bank of the present 
gorge opposite Fort Miller. This drainage must have been 
active since the building of the delta of the Batten kill and 
before the reexcavation of the straight gorge from Fort Miller 
to Coveyille, an inference which carries with it the corrollary 
that the old gorge was filled with drift at least from Coveville 
to somewhere near the mouth of the Moses kill. The occupation 
of this old side valley must have been relatively late, after the 
disappearance of lakes in the upper Hudson valley south of Fort 
Edward and likewise after the gorge below Coveville had been 
cleared of the sands and clays which must earlier have partly or 
wholly filled it. 

The evidence of an old shelving water fall at Coveville shows 
that during the time a discharge was taking place through the 
outlet, the bottom of the Hudson gorge was there above sea 
level. What appears to be the old pool is now about 100 feet 

’ above sea level. 

On the diagram, plate 28, the line C—D is introduced to show the 
beaches and deltas which it is believed are correlated with this 
’ outlet. It marks perhaps the most extended state of Lake Ver- 
mont exception being made of the addition which was later to 
come from the further retreat of the ice from the country north 
of Cobblestone hill near West Chazy. 

Before turning to the lowest outlet, the following account of 
the phenomena in the lower valley of the Moses kill serves to 
show an intermediate stage in the excavation of the old drift 
filling of the Hudson gorge as well as in the outlets of the lake 
on the north. 

Washed rocks near the mouth of the Moses kill. About a mile 
above the confluence of the Moses kill with the Hudson river the 
gorge widens out into a lower valley into which several streams 
come down from the terraces of the Hudson on the south and 
west with a backhanded drainage. The Moses kill entering this 
way on the east, turns sharply, once it is in this valley, to the 
southwest and hesitatingly enters the Hudson flowing first 
through a narrow vale between the main wall of the terrace and 
an outlying spur of rock on the floor of the valley. This spur 
composed of the Hudson river slates and characterized locally by a 
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needle slate structure, is almost completely bare of drift or clay. 
The entire knoll to the hight of nearly 60 feet shows signs of 
water action and strong scourways exist between minor knobs at 
its western base. The course of the current which did this work 
was evidently through the open valley in which Durkeetown lies 
and which joins the Wood creek valley near Dunham basin. The 
divide in this valley east of Fort Edward is about 170 feet; and 
the divide in the Fort Edward channel occupied by the canal is 
now lower having an elevation of about 150 feet. Both channels 
have been swept by strong currents, but as already indicated 
there are evidences in this field that the eroded clays in the low 
grounds about these channels as well as in the gorge of the 
Hudson are an early glacier-disturbed series. 

Fort Edward outlet. The next lower stage of the glacial lake 
must have been determined by the hight of the divide in the bed 
of the Wood creek channel] near Fort Edward. This broad almost 
level channel bears every mark of having been scoured by waters 
flowing through it. Om the diagram, plate 28, I have correlated 
the deltas and beaches along the line E—F with this outlet. This 
was the lowest point of discharge on the south for glacial confined 
waters in the Champlain district. As shown later the marine 
limit appears to have fallen short of this col. In what manner 
the waters of the glacial lake fell to the level of the marine limit 
appears to be indicated by the crowded beaches along the inter- 
national boundary where successive stages of lower and lower 
water levels are shown from about 540 feet downward. It is in 
this view almost necessary to suppose that the waters leaked 
out under or past the ice sheet along the northern border of 
Vermont. An examination of the country between Richford 
Vt., and Frelighsburg, Quebec, in 1904 failed to discover spill- 
ways. This is a question which has yet to be more fully investi- 
gated. 

Reexcavation of the Hudson gorge. 'The history of the changes 
in the outlet of Lake Vermont in the region about Fort Edward 
and Schuylerville finds its parallel in the Hudson gorge farther 
south. Not before detailed mapping is done will it be possible to 
correlate all the lower terraces which record the changes which 
took place as the river sank toward its present bed. Some of these 
changes it can be shown took place very early in the southern 
part of the Hudson gorge and others very late in the history of 
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the removal of the glacial filling of the gorge. Of what appears 
to be an example of the first class the Moodna ease is cited below. 
Other instances as that of the Kenwood terrace and the effects 
of the dissection of the delta of the Hoosic are certainly due to 
post-Albany changes of water level. 

Terraces of the Moodna kill. The Moodna kill entering the 
Hudson gorge between Newburg and Cornwall [see pl.4] exhibits 
several minor terraces developed in the dissection of the heavy 
glacial terrace which stretches along the river bank at Cornwall. 
On the south side of the stream near the Hudson there is a clear 
record of a strong current of the Moodna depositing coarse gravel 
on the floor of the stream at the level of about 100 feet above the 
present surface of the sea. A deposit of this character so near 
the Hudson gorge and in soft material admitting of no fall indi- 
cates a local water level in the gorge about 100 feet higher than 
now. The same levels obtaining in the region about New Ham- 
burg at the time the ice front was in that vicinity makes it very 
probable that this stage of terracing in the Moodna kill occurred 
as early as the Newburg stage and has nothing to do with the 
later stages of river work. There is a lower terrace in the Moodna 
kill at about 50 feet also well developed. 

Kenwood terrace. What is here called the Kenwood terrace is 
a narrow somewhat shelying remnant of a terrace left by the 
Hudson in sinking its bed through the clays of its gorge just 
below Albany. On the right bank of the river from the city of 
Albany southward to and beyond Glenmont the edge of the 
Mohawk delta comes to the margin of the gorge with its summit 
line between 180 and 200 feet, rarely rising to 220 feet. The 
failure to reach the 200 foot level is noticeable where post- 
glacial erosion has taken place. The localities in which the line 
rises above 200 feet are conspicuous where underlying older 
deposits pierce the delta clays. 

From McCarty avenue to Kenwood this upper terrace is con- 
fronted by a lower one with a deeply notched frontal slope. The 
northernmost spur thus formed is outlined by the 140 foot con- 
tour line and two southern ones by the 120 foot line. At Ken- 
wood, denudation has uncovered the bed rock at about this level. 
South of Kenwood the 120 foot bench is quite distinct, gradually 
falling to about 100 feet just north of Glenmont. On the south of 
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Glenmont the 100 foot contour line embraces the continuation 
of this old terrace till it blends with the flats in the vicinity of 
Wemple. The terrace thus marked out near the 120 foot level is 
probably a congeries of terraces. It is noticeable that the system 
falls about 40 feet in a distance of 4 miles from north to south. 

Dissection of the Hoosic delta [see pls. 10 and 24]. The delta of 
the Hoosic river constructed on the borders of Lake Albany at a 
level now as high as 850 feet above existing sea level has been 
dissected by tne stream in its adjustment to the local Hudson 
drainage pase. In this dissection, the Hoosic river has 
meandered in a most complicated fashion in the clays and sands 
of the delta terrace, leaving a rather confusing tangle of terraces 
within the gorge. The adjoining plate 24 shows the position of 
the more prominent of these terraces, which are grouped on the 
hypothesis that the uppermost are the oldest and the lowest the 
most recent, that those at approximately the same level are 
approximately of the same age. It will be observed that the 
highest terrace developed at 500 feet is traceable in the middle 
of the gorge; that below this is a series of fragmentary terraces 
from 280 feet near the rock falls to 260, 240, 220, and possibly 
indicated by one of the 200 foot benches near or at the mouth of 
the gorge. This last group was probably not made at one move- 
ment of the stream but represents several ancient grades in the 
sinking of the stream from 300 feet to 200 feet in the soft clays 
and sands below the rock at the falls. 

The 200 foot terrace level is widely developed in the middle 
and lower part of the gorge and seems to indicate waters running 
at about this level in the Hudson gorge for a considerable length 
of time. Then follows a brief stage at 150 feet; followed by well 
incised meanders at 120 feet, and a brief stage at 100 feet. From 
this 100 foot level there appears to have been a drop rather 
quickly accomplished to the present channel which enters the 
Hudson at about 80 feet above sea level. 

Scant as are the evidences here adduced there are other simi- 
lar facts yet to be studied in this field, pointing to the filling of 
the gorge of the upper Hudson with drift deposits and with the 
overlying Albany clays, and to their subsequent removal on the 
withdrawal of the waters of Lake Albany and the entrenchment 
of the new Hudson river in the old gorge. 
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Chapter 10 
THE MARINE INVASION 


It has long been well known that as the Wisconsin ice sheet 
disappeared from the margin of its gathering grounds in Ungava, 
the sea at once covered large tracts about the shores of Hudson 
Bay, throughout the St Lawrence valley, along the coast of New 
Brunswick, Maine and New Hampshire, and probably also a narrow 
strip of the coast of Massachusetts north of Boston. The main 
geologic problem awaiting solution in these fields is that of deter- 
mining the upper marine limit. The literature of the field 
presents the greatest variety of opinion on this subject, the vertical 
and horizontal range of the marine waters being limited by each 
writer according to very different criteria. While the earlier 
writers as a rule were inclined to regard the submergence as of 
great depth and wide extent, recent investigators exercising a 
closer and more cautious discrimination between the effects of 
glacial waters, lake waters and those of the sea have tended to 
restrict the submergence to narrower limits. As will be observed 
I have come to an essential agreement with Baldwin! whose paper 
on the Champlain district has the merit of including a diagnosis 
of the marine limit on the Vermont side of the valley. | 


THE UPPER MARINE LIMIT 

The criteria appealed to by different geologic writers in the 
establishment of the upper marine limit in this part of North 
America indicates a wide diversity of opinion as to the effects of 
marine action and consequently as to the extent of the postglacial 
submergence in this district. All are agreed that the upper limit 
of marine fossils is a trustworthy though probably a minimum 
measure of the vertical extent of the submergence. Most geolo- 
gists would probably also accede to the zoologic postulate that the 
marine limit does not lie higher above the shel line than the depth 
of water indicated by the fossils as necessary for their growth. 
Such is the present vertical range of most of the species found in 
the Champlain valley—100 to 300 feet—that they do not furnish a 
criterion for discriminating between marine beaches and glacial 


1Baldwin, S. P. 1894. See bibliography, 1. 
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lake beaches which latter there is reason to believe on other evi- 
dence lie within 300 feet of the upper limit of marine fossil shells. 

When the beaches and bars of Lake Iroquois, a preglacial lake, 
are compared with the beaches of the marine district in the Cham- 
plain valley, the evidence is overwhelming that the lake beaches 
are much more strongly developed than those which may be 
ascribed to marine action in the latter field, the reason for this 
being that the lacustrine action continued at a given level for a 
greater length of time than did the marine waves. There is in 
short nothing in the local character of a lake beach to distinguish 
it from a marine beach. The geographic situation and the hori- 
zontal distribution of the beach phenomena on the other hand may 
furnish differentiae. Proglacial lake beaches run out against the 
glacier against whose front the waters are held up; in the opposite 
direction the beaches converge to one or more spillways whence 
the overflow discharged to the sea. Marine beaches and correlated 
shore phenomena develop about the entire periphery of an area 
of submergence, and phenomena of outflow are necessarily absent. 

This criterion of continuity of beaches has been used in the 
present survey to distinguish the upper marine limit from earlier 
higher lacustrine shore lines which, as the evidence indicates, 
end abruptly as they are traced toward the Covey hill spur of 
the Adirondacks. In the district where these higher beaches, for 
which a proglacial lake origin is claimed, disappear, some phe- 
nomena demand further discussion in relation to the validity of 
the assumption made in this paper. 

The water planes marked by deltas and beachlike deposits above 
450 feet on the Mooers quadrangle, come at the international 
boundary to their northern limit indicating that the ice front im- 
pinged on the Covey hill spur and separated the waters on the east 
of the Adirondacks from those on the northwest. If it be supposed, 
however, that just previous to this stand of the ice the glacier had 
retreated, as it did later in the final liquefaction, far enough north 
to open free communication between the Champlain valley and the 
upper and lower St Lawrence (as Mr Upham has indeed supposed 
to have been for a time the case), then a beach or beaches would 
have been continuous about the spur only to be smoothed off and 
rearranged by the advance of the ice to the position to which the 
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beaches may now be traced. Such an oscillation of the ice margin 
as is here merely suggested, undoubtedly took place, and the possi- 


bility of it constitutes the weak point in the argument presented in 


this report in the attempt to fix the upper marine limit. 

Such diffused shore lines might be expected to exhibit a trace 
in the waterworn character of the glacial drift along the belt in 
which the overridden shore lines were formed, in the case of a tem- 
porary and slight advance of the ice, one which, in this field need 
only have amounted to an oscillation of from 10 to 15 miles. 

In this connection, it should be stated that certain peculiarities 
of the drift before referred to along the western border of the 
Mooers quadrangle from Deer Pond northward to the English 
river at Cannon Corners are not inconsistent with an advance of 
the ice such as is here considered possible. Waterworn drift vary- 
ing from gravel to very coarse cobblestones with on the whole an 
unstratified structure and ice-swept contour covers the slope be- 
tween the 700 and 800 foot lines quite above, however, the latest 
lake levels of this latitude. 

These deposits lie, it should be noted, on the east of Blackman’s 
rock, one of the large spillways of bare Potsdam sandstone, only 
the northern extremity of which appears on the map. It has seemed 
to me that the waterworn materials are to be ascribed to stream 
action contemporaneous with the position of the ice front along 
this line rather than to the involution in the drift of an earlier 
beach deposit formed at a higher stand of the sea than is adyo- 
cated in this report. The fact that there are no clear traces of 
such smudged beaches around the Covey Hill slope has confirmed 
me in the belief that this objection to the accepted marine limit 
has in this case no clearly observed facts upon which to rest. 

A second objection to the view that the higher beaches in the 
Champlain district are of lacustrine origin may be raised from 
the fact that along the slope of the Adirondacks the lowest shell- 
bearing layers of the marine series, as at Mooers on the Big 
Chazy, and Freydenburg’s Mills on the Saranac, are found rest- 
ing directly on the boulder clay without intervening nonfos- 
siliferous beds or those bearing nonmarine fossils attributable 
to the deposits of a lake. The absence of lacustrine deposits 
in these two localities in the northern part of the area can 
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hardly be explained away by the supposition that during the 
lake stages the region where they occur was covered by the 


glacier so as to prevent deposition and that the ice retreated 
in such a way as, at once, to admit the marine fauna to the_ 
area, for when the ice front was as far south in the Champlain - 


valley as the Saranac, it still had a long retreat to make before 
a passage would have been open through the Missisquoi region 
for the entrance of the sea with the Labradoran fauna. Before 
this could happen some nonmarine sediment most likely would 
~~ have been deposited particularly near the mouths of streams, 
off which both of the localities here cited then lay. It seems 
more likely that this’ belt between 300 feet and 350 feet was 
so far from the lake shores as not to receive contributions of 
sand and gravel there being no tide to augment the offshore 
scouring, and that the clays were carried by the circulation of 
the waters to other parts of the lake floor. 

Out cliff in till near Port Kent. At only one point on the New 
York shore of Lake Champlain have I recognized what appears 
to be an old sea cliff entirely cut by waves. This cliff has been 
cut in a thick mass of till on the northwest flank of Trembleau 
mountain midway between Port Kent and Keeseville. The cliff 
may be seen at the old tollgate, now abandoned, on the direct 
road between the places named. The base of this cliff is prac- 
tically at the level of one of the elevated stages of the delta 
of the Ausable river. According to the local contour of the 
United States Geological Survey atlas sheet the base of the 
cliff is about 330 feet above the present sea level. 

The cliff is somewhat less than 100 feet high and extends for 
fully a third of a mile. It is a conspicuous object in the land- 
scape from any point of view on the north and east because of 
the contrast of its somewhat ravined face with the smoothened 
or horizontally lined slonres which form its tonogranhie setting. 

IT hold this to be a wave-eut rather than a stream-ent bank 
or cliff for the reason that the slopes of this mass of till, high 
above the cliff, exhibit numerous water levels showing that the 
ice sheet had! retreated from this vicinity long before the cliff 
cutting began. It is to he presumed that this cliff was the 
work of waves during the marine invasion. Certainly those 
which acted on the higher parts of this till mass, either had no 
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such power as did the waves at the 330 foot level or if they had 
this strength they acted for a much shorter time at each level. 
It is to be presumed, when the mouths of the Champlain and 
the St Lawrence valleys were freed from the ice sheet, that 
the winds from the north and east would have had a greater 
fetch and that the glacial lake conditions of the higher water 
levels would be at once exchanged for more vigorous cliff cut- 
ting. It has therefore seemed to me highly probable that this 
cliff has its base approximately at the marine limit. There is 
another consideration which supports this view. 

It is to be shown presently that the marine limit of this epoch 
is now tilted more steeply to the south than the shore lines of 
the earlier water-levels on the south. It appears to follow 
from the divergence of these ancient water planes, that before 
the marine invasion was established, the land was tilted down 
toward the north, thus determining the extent of the submer- 
gence; since then the land has risen. The marine action would 
undoubtedly be longer maintained at the level of the maximum 
of depression of the shore lines, for there the sinking land 
halted, reversed its movement and came up. Thus we ought to 


‘find, other opportunities being equal, rather decided evidences 


of wave action at this particular water level, for the land probably 
stood longer at the marine limit than at any other stage in its 
movement. 

On the basal slopes of Trembleau mountain to the east of 
the cliff, are patches of beaches with well waterworn pebbles 
between the bare ledges at about the level of the base of the 
cliff above described. 

There is also a very extensive development of the gravelly 
and sandy delta of the Ausable just below this level indicative 
of a longer stage of delta building than is found again below this 
level. If I am not mistaken Mr S. P. Baldwin has taken this 
delta to mean the same thing—the local index of the marine limit. 

True proportions of the postglacial tilting of the upper marine 
limit. Lest the reader obtain from the diagrammatic profile of 
plate 28 an exaggerated idea of the steepness of the tilting of 
the old sea level in the Champlain valley, let him construct a 
straight line 1 mm thick having a length of 1196 mm. - The thick- 
ness of this line will have the same proportion to the hight of 
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the uplifted seashore as the length of the line has to the extent of 
the old shore line above the present sea level within the limits of 
the State in a northsouth direction. Imagine a diagonal line pass- 
ing from the top of the thickened black line on the right hand end 
to the bottom of the line on the left hand end. Then the inclina- 
tion of this oblique line will slope at the same angle or rate a mile 
as does the upper marine limit of the Champlain submergence. 
The rate of rise of the upper marine limit is on this basis 4.411 
feet to the mile to the north. 


MARINE DEPOSITS OF THE CHAMPLAIN VALLEY 


Lithologically the marine deposits of the Champlain valley are 
commonly referred to as clays but while this facies of the deposits 
is most striking in the vicinity of the lake, the area exhibits the 
normal threefold development of sediments under the transgres- 
sion of the sea: viz, along the shore line, beaches and bars of 
pebbles and shingle together with stream deltas of sand; farther 
off, sandy bottoms; still farther from the shore line, clays. 

In the case of the Champlain valley, the normal character of 
the three belts or zones of marine deposition is largely modified 
by the composition of the glacial drift previously laid down in 
the region. Each of the zones above named may exhibit boulders 
and coarse rubbly material. Furthermore, in the retreat of the 
sea or rather the rise of the land, each belt in turn has been passed 
over by the shore of the sea and the processes peculiar to the littoral 
zone have more or less strewn coarse waste over the sea bottom of 
the preceding stages. In general, however, there is a cobblestone, 
shingle, or pebbly zone on the foothills bordering the lake, a sandy 


zone over the flats at variable distances from the lake Shore, and’ 


a clay zone adjacent to the lake. The zones are of very variable 
width on the New York side of the lake, all of them becoming 
narrower toward the southern contracted end of the present lake. 

Out of the sandy and the clay zone rather characteristically rise 
older deposits of glacial till or gravels, which for a time existed 
in turn first as shoals and then as wave-washed isles in the reced- 
ing sea. ‘These hills have generally lost their original outline as 
drumlins or morainal mounds with kettles. At top a beach or bar 
has been heaped by waves and gravels and sands have been washed 
down the sloping sides, the finest sediments being strewn over the 
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surrounding flat as a shallow water sea bottom deposit. The hill, 
at least one slope of it,is frequently left strewn with boulders from 
the washing out of the material which could be more readily 
removed by the waves and currents. The annexed diagram show- 
ing the cross-section of one of these shoals north of Mooers Junc- 
tion illustrates a typical case. 

It is a noteworthy fact that in a few cases in this area, heavy 
beaches of rolled pebbles occasion the western flanks of these 
northsouth glacial hills, while on the eastern slope large boulders 
lie out on a surface which exhibits otherwise no marine action 
other than probable erosion. This peculiarity is brought out in 
the diagrammatic section given below. 

Subdivision of the marine beds. The marine beds frequently 
exhibit in limited sections a passage from clays below through 
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Fig. 24 Modified glacial hill with a beach. This hill has been successively a 
Shoal and an islet 


sands upward into gravels or even much coarser deposits. Par- 
ticularly is this often the case in the sand zone. Nearer the 
present lake shore or on the inner borders of the clay zone sections 
reveal sands alone overlying clays. It is evident from the various 
sections and from the history of the changing sea level that the 
clays of the middle of the valley represent the deposits made there 
through the episode of marine invasion; that the lowest of these 
marine clays correspond in age to the highest marine beaches; 
that the highest of the clays correspond nearly to the lowest 
beaches now above the lake and clay levels.” Pebble beds, gravels 
and sand, as well as clays must have been making during the 
entire epoch; it is therefore not feasible to establish time divisions 
on these lithologic characters. There is no such time division in 
the Champlain area as that of the Leda clay and the Saxicava 
sand but these biologic terms may be applied to facies of the 
deposits occurring in zones of more or less contemporaneous 


development. 
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DISTRIBUTION OF FOSSILS IN THE CHAMPLAIN DEPOSITS 


The occurrence of marine fossils in the clays and sands of the 
New York Champlain beds has long been well known, but scant 

reference is made in the literature to their upper limits. In the 
~ course of the present survey search was made for fossils mainly 
within the zone of beaches above the zone of clays. In the follow- 
ing notes references are made also to the occurrence of fossil shells 
found on the northwest slope of the Adirondacks as far west as 
Ogdensburg. For the purpose of showing their bearing on the 
reconstruction of the upper marine limit in this region notice is 
also taken of certain shell-bearing localities in adjacent parts of 
Canada and Vermont. 

As early as 1849 Prof. H. D. Rogers called attention to the fact 
that the then known shell localities in this geologic province 
indicated a want of parallelism between the water level of their 
epoch and that of the present seas. In recent years much more 
attention has been given to the evidence of warping of the earth’s 
crust as shown by the deformation of traceable shore lines in the 
district of the great fresh-water lakes which came into existence 
with the withdrawal of the ice sheet. In a region like that of 
the upper St Lawrence and Champlain valleys, where beaches 
occur referable partly to lacustrine and partly to marine bodies of 
water, the evidence from fossil shells is of more than usual im- 
portance. 

As having a slight bearing on the distribution of the marine 
fossils within. the State, the occurrence of shells at Ogdensburg 
and Norwood. is here recorded, but the discussion of the upper 
marine limit in that direction is withheld till a more complete 
examination of the district has been made. 

Fossils at Ogdensburg. This locality has long been known. In 
1903 Prof. A. P. Coleman collected Macoma groenlandica 
from the clays on the low ground im the southern limits of the 
city, and later in the same season both he and myself found 
abundant separated valves of the large Macoma calcarea 
with those of M. groenlandica and rarer Saxicava 
rugosa in stratified sands on the border of Ogdensburg and 
the town of Lisbon about 14 mile south of the St Lawrence at an 
elevation of about 281 feet above the sea. Professor Coleman 
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also found at this locality a single example of the gastropod 
Cylichna alba (?) apparently identical with the form 
now rarely found at Port Kent. The bivalve shells in this 
sand deposit invariably exhibited signs of transportation in that 
most of the detached valves were lying outside up in the sand lay- 
ers after the manner of shells moved by rather gentle currents. 
Whether in their original matrix or not, the shells afford good 
evidence of the marine invasion to this point and to the altitude 
given. 

Fossils at Norwood N.Y. Fossilshellsof Macoma groen- 
landica are abundant in the clays at Norwood, St Lawrence 
co., N. Y., particularly in the low ground in the western part of 
the village. The sewer trenches opened in the summer of 1903 
brought to light numerous pockets of these shells. I found this 
shell in clays under sands and lying on boulder clay about 3 feet 
below the surface near the street crossing the Rome, Watertown & 
Ogdensburg Railroad south of the Union station, at an elevation 
of about 335 feet. The same shell appears in the clays from the 
sewer trench on top of the hill in the northern part of the village 
at an elevation of 360 feet aneroid or 370 feet according to 
the engineer’s levels compared with Norwood station. I also 
found Macoma groenlandica ina cutting of the Nor- 
wood & St Lawrence Railroad just northeast of the junction at 
Norwood at an elevation by aneroid of 350 feet. These shells 
were in stony clays, the rubbly marine drift, at the western 
base of the dune-capped hill which forms a prominent feature on 
the northeastern outskirts of Norwood. This region includes the 
highest shell locality yet discovered on the northwest slope of the 
Adirondacks and is, so far as I have been able to ascertain, the 
highest yet reported within the State. The locality is nearly 30 
feet higher than the highest shell layer that I have seen in the 
Champlain valley but shells are to be expected in the westerm part 
of the town of Mooers as high as 400 feet. 

Fossils at Montreal, Canada. The deposit of marine shells at 
the Cote des Neiges on Mt Royal is said to consist of a bed of 
gravel 6 feet thick with Saxicava rugosa and Macoma 
(Tellina) groenlandica. According to. Sir Charles 
Lyell! the deposit is covered by an unstratified mass of boulders 
2 :119. 


1QLyell, Sir Charles. Travels in North America. ~N. Y. 1845. 
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and erayel 12 feet thick. It is not altogether clear from the de- 
scriptions of this locality whether this overlying unstratified 
material is true till or a bed of coarse rubble washed down from 
the mountain side on the shell bed during the higher stand of the 
marine shore line at that place. It has apparently been assumed 
by Sir William Dawson and others that the shells pertain to the 
post-Wisconsin phase of depression. At the time of my visit in 
1900 I was not, unaided, able to identify the locality. I have 
assumed in this paper, nevertheless, that the current view of the 
essential contemporaneity of the bed with other high level marine 
shells in the region is correct. 

Fossils at Hemmingford, Quebec, Canada. Marine shells occur 
in Hemmingford, about 5 miles north of Mooers Junction, in a 
gravelly shoal on the southern margin of the village. A borrow pit 
in a pasture opened in 1903 afforded abundant shells of Saxi- 
cava rugosa in the attitude of growth in the openwork gravels 
at depths from 18 inches to 3 feet below the surface. The shells 
are large and strong and exhibit marked variations in form. 
From aneroid measurements, this locality appears to have an 
elevation of 257 feet. Saxicava also occurs in an old gravel pit on 
the west of the road at the same locality. : 

The freshness and strength of these shells at so slight a depth 
beneath the soil in gravels open to the free percolation of rain 
water is strong evidence against the supposition that the absence 
of marine shells in the sands and clays deposited about the margin 
of the retreating Wisconsin ice sheet along the sea border from 
New York eastward to the vicinity of Boston is to be explained 
by their removal in solution under the influence of meteoric waters 
following an uplift of that coast from beneath the sea. 

Fossils near Mooers. The writer found niarine shells on the 
south bank of the Great Chazy in 1908, at a point on the west 
side of the narrow neck of land in the sharp bend of the river 34 
mile above Thorn’s corners.! The section there exposed shows 
about 10 feet of compact grayish sandy till resting on the Pots- 
dam (?) sandstone, The surface of this till ig planed off to a 


"A picture of this locality is given by Cushing in the Annual Report of 
the State Geologist for 1895, pt1, p.511, pl.IlI, Albany, 1896. The fossils 
occur at and above the dark line half way up the river bluff. Thorn 
(on the U. 8. G. S. map) is given as Thom in the state reports. 
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level line of unconformable contact with overlying sands and 
clayey sands from 8 to 5 feet thick, in which near the base occur 
marine fossils. Overlying this bed are coarse waterworn gravels 
believed to be laid down by the river when its bed there was the 
top of the terrace now 340 feet above sea level. The following 
species were collected. 


Macoma groenlandica... | rare 


Saxicava rugosa.......... dominant 
Hone APChICR Sos whic. oy. not rare 


J. W. Dawson. Canad. Ice Age. 
p. 241-2 

| Verrill. Invert. Anim. Vineyard 

{| Sound, p. 689 


Yoldia (Portlandia) sp...| rare....... 


Balanus sp. fragments..| rare 


Saxicava rugosa, Leda, etc. are in the lower clayey bed 
usually intact and in the attitude of growth. 

This locality is close to the 340 foot contour line of the United 
States Geological Survey map. Similar sands and clays are seen 
on the north side of the river below the bend at a point north of 
the camp meeting ground. The shell-bearing deposits are in 
strong contrast with the coarse wave and river strewn materials 
indicating the recession of the sea, and evidently pertain to the 
maximum marine stage following the disappearance of the ice 
from the locality. The smooth surface of the till on which the 
deposits rest and the apparent absence of beds referable to a 
lacustrine stage are rather characteristic of the marine series at 
this level from the Saranac northward. The same smoothness of 
the inclined surface of the till in the Saranac section at Freyden- 
burg’s Mills is noted below. 

Fossils at Freydenburg’s Mills on the Saranac. This locality, 
first noted, I believe, by Dr D. S. Kellogg and 8. P. Baldwin, is 
one of the highest localities of marine shells on the New York side 
of the Champlain valley. The section as exposed in 1901 along 
the tracks of the Chateaugay Railroad reveals gravels and sands 
unconformably overlying the boulder clay. The till is a com- 
pact unstratified mass composed of bluish clay and clean, well 
striated boulders. No traces whatever were seen of the fossil 
shells in this lower glacial deposit. The surface of the till was 
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eroded and its trace in the vertical section was that of a smooth- 
ened plane dipping gently eastward toward the lake. 

The shells occurred mainly at the base of the stratified deposit 
in sands resting directly on the till without trace of an interven- 
ing unfossiliferous bed such as might have been laid down on the 
till after the retreat of the ice sheet from the locality and the 
incoming of the sea. The upper part of the gravels appear to be 
of delta origin being on the whole coarser than the lower part of 
the water-laid deposit. The top of this deposit is over 340 feet 

according to aneroid measurements; and the fossil shells occur 
from near this level dewn the slope of the inclined bedding to 
perhaps 320 feet. 

The following forms were collected, named in the order of their 
abundance: Saxicava rugosa, Macoma groenlan- 
dica, Balanus sp, Mytilus edulis. 

Ries found Diatoms in the clay at Plattsburg. Shells and bones 
have also been reported at this lower level. 


Fossils at Port Kent N.Y. One of the best known localities — 


in New York for the occurrence of Champlain fossils is at Port 
Kent. Ebenezer Emmons! who gives two plates of fossil 
invertebrates found in the marine beds from various localities in 
northern New York, New England and Canada, states that he 
found the following list of species at Port Kent: 


Tritonium anglicum Tellina sp. 

T. fornicatum Tellina sp. 

Mytilus edulis Turritella 

Pecten islandicus Nucula portlandica 
Mya truncata Bulla 


M. arenaria 


Sir Charles Lyell also gives an account of the shell locality at 
Port Kent. In a small brook south of the place (near the present 
railroad station) he observed at the bottom of the section: first, 
clay 30 feet thick with boulders; second, loam with ghells 6 feet; 
third, sand, 20 feet thick. He found four species of shells: 
Mytilus edulis, Saxicava rugosa, Tellina 
groenlandica, and Balanus miser. He states that 
no shells were found at a greater hight than 40 feet above the 
lake (about 138 feet above sea level). 


*Geol NEY, 2d Dish 1842s pigs 
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I collected in the delta sands south of the railroad station at 
an altitude of about 155 feet above sea level rather abundant 
Macoma groenlandica, common Saxicava rugosa, 
afew Leda portlandica, fragments of a Balanus, two 
specimens of Cylichna alba (?). In the same horizon Mr 
P. T. Coolidge, of Watertown Mass., found in 1903 a fragmentary 
Mytilus edulis. Ata lower horizon about 25 feet above 
the lake and 3 feet below the top of the clay Mr Coolidge found 
Mytilus edulis common, Macoma groenlandica 
rather common, and one specimen of Saxicava ru gosa. — 

Mr Coolidge has also found shells in clay about 15 feet above 
the lake on the south side of the swamp 1 mile north of Port 
Kent. This locality afforded Saxicava rugosa common, 
Leda arctica and Macoma groenlandica, together 
with an undetermined lamellibranch. 

Fossils at Willsboro. Macoma groenlandica and 
Mytilus edulis were collected from the clays in the road 
gutter 14 mile west of the railroad station, and south of the 
station at an elevation of about 220 feet above sea level. The bed 
of shells at this locality is 3 inches thick. 

Fossils on Crown Point Peninsula. Macoma groen- 
landica was observed in the clays a few feet above the lake 
level on the west side of Crown Point fort ruins at an elevation of 
about 110 feet above sea level. This is the southermost point at 
which I have observed marine shells on the New York shore of 
Lake Champlain. 

Marine shells on the Vermont shore. The Vermont geologists 
have reported a number of localities at which shells have been 
found in the clays in that state. The following abstract of the 
reported occurrences has been made with the view of comparing 
the elevation and southward extension with the occurrences 
known in New York. 

According to the Vermont report of 1861, fossil marine shells 
were found at Swanton at an elevation of 140 feet; at Milton 
Falls, the highest locality, at 298 feet; at Colchester, at 320 feet; 


+While this report is passing through the press Mr Peet reports fossils at 
300 feet elevation back of Port Douglas on the south of Trembleau moun- 
tain. Jour. Geol. 1904. 


214 NEW YORK STATE MUSEUM 


at_Burlington at about 202 feet; at Charlotte, at 150 feet; at 
Panton, 320 feet. 

Mr 8. P. Baldwin in 1894 reported other occurrences as fol- 
lows: at Vergennes at nearly 250 feet; from. central Addison 
northward at almost any point less than 150 feet; at Shelburne 
Falls at 180 feet; in the northern part of Shelburne shells are 
reported as high up as 400 feet (?); in the delta of the Lamoille, 
shells in the vicinity of a terrace rising to 450 feet. 

The localities at which shells have actually been observed by 
competent witnesses in Vermont agree very closely with the range 
of the highest localities in New York. A tilted plane standing 
at an elevation of 450 feet at the northern boundary of the state 
and meeting the surface of Lake Champlain at Whitehall would 
lie above the localities at which there is good evidence of marine 
shells. The apparent exceptions are both noted in Mr Baldwin’s 
paper. First and most important is the reported occurrence of 
fossil shells by the Vermont Survey of 1861 in Elgin spring at 
Panton, at an elevation of 320 feet in the latitude of Essex N. Y. 
Messrs Baldwin and Richardson on visiting the locality state 
that they were unable to find any trace of the shells. If, as I 
understand it, the original report was based on shells believed 
to have been seen in a spring, little reliance could be placed on 
shells actually so found for the reason that -the shells may have 
been washed out from the underlying loose sand and clay of the 
Pleistocene series and carried upward to the mouth of the spring, 
a position in which it is common to find rock particles swept 
upward from a depth. I have, in view of these considerations, 
been led to reject the Panton locality. 

The second case is that of shells reported to Mr Baldwin at 
an elevation as high as 400 feet in the northern part of Shelburne. 
This locality appears from the evidence in New York -to be too 
far south for shells at so high an elevation and as Mr Baldwin 
did not see them I am inclined to think he may have been mis- 
led, as I was early in my search for shells in this field, by descrip- 
tions well meant but totally misleading which I also was able 
to obtain from some of the inhabitants. One very promising 
case of shells having according to my informant all the char- 
acters of a Macoma of some sort turned out on going with him 
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to the locality to be nothing more than conchoidal fracture chips 


from the checking of the clayeas it dried in the sun. Small con- 
cretions haye also been found to constitute the basis of an in- 
formant’s description of fossil shells. If I understand Mr 
Baldwin’s interpretation of the marine limit in the Champlain 
district he also considered the two localities above mentioned as 
negligible. . 

Ebenezer Emmons! states that two fossils shells, including 
Saxicava rugosa, are found the entire length of Lake 
Champlain, but he cites no locality south of the southermost 
named in this report nor have I been able to get a record of any 
such southern extension of the fauna. 

Depth of the submergence indicated by fossils. The bottom of 
the sea within the reach of continental deposits is a surface slop- 
ing from the shore out into deep water, and is normally divided 
into a zone of pebbly and sandy deposits at the shore, a zone 
of sandy deposits farther out, and still farther out a zone of 
clay. The fiebble and sand zone is the littoral belt; in tidal 
seas, bared at intervals to the atmosphere. The sand zone 
proper is in shallow water; the clay zone extends from the 
sand zone out into deep water. Each zone of bottom varying 
thus in its lithologic character differs also in its depth of water 
and consequently the pressure and temperature of the water 
and thus each zone becomes the abode of different animals. 
The marine shells found in the clays and sandy clays of the 
uplifted sea bottom in the St Lawrence and Champlain valleys 
are, according to Sir William Dawson, like if not identical with 
those of species now living in the lower St Lawrence river and gulf 
at depths less than 100 fathoms. The beaches of the sea in which 
the marine shells in the Champlain valley lived should not then 
occur more than 600 feet «above the shells. Sir J. W. Dawson 
regarded the fauna at Beauport, Quebec, as living in from 100 
to 300 feet of water. The species found there include most of 
those known in the Champlain valley. Evidences of water 
levels exist in the Champlain area between 600 and 700 feet 
above the present sea level. As shown in the diagram [pl. 28] 
the known localties of marine shells ranging as high from 540 


iGeol. N. Y. 2d Dist. 1842. p.283-85. 


216 NEW YORK STATE MUSEUM 


to 560 feet on Mt Royal at Montreal, are found at successively 
lower levels in the Champlain valley, and the upper limit at 
which shells have so far actually been found passes below the 
level of Lake Champlain at Ticonderoga. 

All the beaches whether marine or lacustrine in the Cham- 
plain district on the New York shore occur therefore within 


the range of possible marine surfaces as indicated by the fossils. * 


The fossils alone do not therefore suffice to fix any one of the 
levels as the upper marine limit. Independent evidence must 
be advanced to show what and how many of the higher beaches 
were like those of Lake Iroquois, on the west of the Adirondacks, 
formed in an ice-dammed lake. 

‘A comparison of the line, drawn through the highest known 
localities of marine shells at the eastern base of the Adiron- 
dacks, with the line showing the upper marine limit in that 
field shows that the fauna composed of Saxicava ru gosa, 
Macoma groenlandica, Mytilus edulis, and a 
species of Balanus falls off in elevation toward the South at prac- 
tically the same rate as the phenomena which are taken to indi- 
cate the highest stand of the ocean waters. As sea level, during 
the uplift of the land, stood in succession at all points below the 
upper marine limit, it is not always possible to determine the rela- 
tion of the sea to the land when any particular deposit of shells 
was made; but if this upper range of shells in this district affords 
any ground for an assumption as to the upper marine limit in the 
inland waters on the north side of the Adirondacks it is to be 
presumed that there also the upper marine limit will be found 
closely coinciding with the highest shell deposits when these have 
been more fully ascertained. 


NOMENCLATURE OF THE MARINE DEPOSITS 


Each generation of men as it comes into possession of its in- 
heritance of facts and theories in any department of science 
and gains knowledge of its own, finds something unsuitable in 
the names applicable to views and bodies of fact whose limits 
and relations have in their hands come to be notably changed. 
In the course of the collection and comparison of data centering 
about some early observed phenomenon the name of the type 
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thing becomes gradually extended in a generic sense to pheno- 
mena which in the later stage of critical classification appears 
to have been given too extended a meaning, if it has not in a 
premature broad generalization been made to embrace pheno- 
mena which in the later stage of critical classification apper- 
tain to a different system of distribution in time and space. 
Quite often, owing to the limits placed on the choice of terms, 
it is discovered that the name itself has been preoccupied by 
use for a very different object. In short the history of many 
scientific names is somewhat as follows. 

In the so called natural history sciences names are first given 
with the purpose of defining exactly some object, be it fish, 
plant, land form or terrane. Being the type of its kind, similar 
objects having some essential likeness, structure, form, mode 
or time of occurrence are grouped with it under the same name. 
As nature in her prodigality never exactly reproduces her crea- 
tions, some of the objects present differences of one sort, some 
of another, so that the name inevitably comes to have a broad- 
ened and weakened meaning in proportion to the number of 
occurrences which it is construed to designate. In time it thus 
loses its original definite meaning and being replaced here and 
there by terms of more accurate definition falls gradually into 
disuse. Its friends may endeavor to save it either in its origi- 
nal sense or with a restricted meaning in some respects dif- 
ferent from its original use; but it has now lost its chief 
value as a scientific name since it is ever a source of confusion 
to the reader who has to carry in his mind, if he knows his 
subject, the fluctuating values of the word in the different 
periods of its history. In all this, scientific terms but exem- 
plify those laws of use and disuse to which any words of the 
language are subject. The names which have been introduced 
for the fossiliferous marine deposits described in this report 
appear at present to be under the operation of these laws. The 
term “Albany Clays” specifically applied to the glacial rock- 
flours of the Hudson valley north and south of Albany in 1846 
antedates the name Albany since given by Texan geologists to cer- 
tain carboniferous beds in Texas. 
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In 1850, Desor! gave some account of the fossiliferous clays 
and sands of the St Lawrence valley and very appropriately 


called them Lawrentian. They constitute the only example of — 
a geologic formation whose principal and most typical area lies 


within the basin of this majestic river. Only one other name 
is so suggestive of their distribution, that of Quebec in which 
province they chiefly lie. 

In 1853, Logan unfortunately employed practically the same 
name in the term Laurentian. in the official reports of the geologi- 
cal survey of Canada for a group of rocks believed to be at 
the base of the geologic column, and Desor’s proposal. failed 
of adoption despite the claim for priority which might have 
been made for it. In fact Desor’s term appears to have been 
overlooked till the Vermont geologists came to decide on a name 
for the marine deposits of recent date within the area of that 
state, when it appears a second unfortunate choice attended 
the naming of these ill appreciated marine deposits. 

In the Report on the Geology of Vermont by Edward and 
Charles Hitchcock and Hagar the term Champlain clays was 
adopted to designate the marine fossiliferous beds along the 
Vermont shore of Lake Champlain, the name being proposed in 
part for the reason as stated that Desor’s prior term had been 
appropriated and was in established use for rocks of a very 
different age. In this connection the belief was held that the 
term Champlain group introduced into the New York reports by 
EK. Emmons in 1841 had fallen into disuse, a condition in which 
the term has certainly been up to its proposed revival by Clarke 
and Schuchert in 1899. 

In the employment of the term Champlain by the Vermont 
geologists in 1861 its meaning was made sufficiently clear as 
applying to the marine beds which there followed the glacial 
drift, though the formational term clays seems rather to parallel 
it with the biologic term Leda clay proposed by J. W. Dawson 
in 1857, neither term being strictly applicable to the entire series 
of deposits laid down under this marine invasion, a fact which 
was partially recognized in Canada by the use of the term Saxi- 
cava sand in the same year. The term Champlain having been 


*Bost. Soc. Nat. Hist. Proc. 1850. 3:357-58. 
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thus newly defined, during the slumbers of the Silurian sense of 
the name, quickly passed in American geologic literature into an 
astonishing breadth of meaning and usage as wide as the conti- 
nent itself and was stretched to embrace deposits laid down 
before, during and after the peculiar drift deposits from which 
in the Vermont report of 1861 the Champlain clays were accu- 
rately discriminated as the result of a definite process acting at 
a subsequent time. Whatever confusion may be attributed to 
the application of the term Champlain to the postglacial marine 
deposits of the northeastern part of America by the Vermont 


} geologists it is clear that the original account did not contemplate 


the inclusion under this term of practically all the Postpliocene 
stratified sands and clays in other parts of the continent. This 
most extended use of the term is found most clearly set forth in 
the third edition of Dana’s Manual of Geology of 1880. 

The advances made in the past two decades in the separation 
of the glacial drift into distinct epochs of ice advance and the 
introduction of such a term as Wisconsin for the last series of 
ice sheet deposits has tended among other causes to leave the 
term Champlain as employed in Dana’s Manual a synonym for 
an ill assorted and broken up collection of facts, there remaining 
only for its exclusive use the original marine beds of the Cham- 
plain and St Lawrence valleys and their equivalents elsewhere, 
for which the term was originally proposed by the Vermont 
geologists. In this restricted sense for which a name is and 
ever must be needed the name would be appropriate did it not 
find itself confronted with a contest for survival by the resur- 
rected Champlain group of the lower Silurian whose title to 
recognition according to the law of priority which should govern 
all scientific names is clear but whose rehabilitation must never- 
theless, in view of the circumstances above detailed prove a source 
of confusion. In fact to continue the use of either term from 
now on is to involve any context in which they are introduced 
in some obscurity. The happiest solution of the difficulty pre- 
sented by the present status in geology of the name Champlain 
would appear to be to allow both applications with whatever 
postfixes to become obsolete in geologic literature. The name of 
Samuel de Champlain as much as we admire his high character 
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and valorous exploits is sufficiently memorialized in American 
geography by the beautiful lake which bears it, without his 
patronymic being seized on as the designative of geologic events 
of which he must have been ignorant. ’ 

The ancient name of Lake Champlain, Lake of the Iroquois, 
has in recent years been applied to the great ice-dammed glacial 
lake which in the Ontario basin preceded the marine invasion. 
The name Quebec now obsolete and replaced by standard 
names is still retained by the Canadian geologists as a local 
designative; its use in Pleistocene geology would be ill advised 
on account of the history of the term as recorded in the literature 
of North American geology. The only safe course, it would 
therefore seem, is to propose the adoption of a name free from 
the entanglements of meaning and the confusion which surround 
the names Champlain, Quebec and Laurentian. The best studied 
section of these marine fossiliferous beds is that of Montreal, the 
ancient site of which city was occupied by the Indian settlement 
of Hochelaga. It is therefore proposed to call the deposits of 
this marine invasion the Hochelagan formation and the subepoch 
or stage of their time of deposition as the Hochelagan, a phase 
which follows the Wisconsin with its late lacustrine stages con- 
temporaneous with the departing ice sheet. 


HISTORY OF OPINION CONCERNING THE SOUTHERN EXTENSION OF THE 
MARINE CONDITIONS 

Once the marine origin of the. fossiliferous clays in the Cham- 
plain valley was recognized, the difficulty of separating these de- 
posits from other similar-materials naturally led to the conclusion 
that the marine waters passed through one or more of the narrow 
straits separating the Champlain from the Hudson valley and 
thence continued to the ocean on the south. The following writ- 
ings and their dates are given only as an illustration of the history 
of ideas. The latter two by Upham and Baldwin anticipate the 
present report. 

The views of the earlier Vermont geologists concerning the 
southward extension of the marine invasion is expressed in a 


"The Indian name of Lake Champlain is stated to have been Caniaderi- 
Guartinte. Kanyatare is Mohawk for lake. Doe. Hist. of State of N. a 
1850. 3:1190. 


- ANCIENT WATER LEVELS OF CHAMPLAIN-HUDSON VALLEYS 221 - 


geological textbook by Alonzo Gray and C. B. Adams.1 The sub- 
mergence indicated by the fossiliferous clays in the valley of Lake 
Champlain was placed at 400 feet above the present sea level. 
New England and New Brunswick are regarded as having then 
formed a large island, separated from the mainland of New York 
by a strait, “ which extended from the valley of the St Lawrence 
through the valley of Lake Champlain, of the Champlain canal 
and of the Hudson river. The summit level of the canal indicates 
the most shallow part of this strait which had a depth of about 
125 feet.” 

Ebenezer Emmons? speaks of the “clays of Champlain and AI- 
bany ” as marine and of the “ connection by water of the Gulf of 
St Lawrence and the bay of New York.” “New England and a 
part of New York were an island separated from the central part 
of New York by a narrow strait.” 

Mr Upham? in 1892 advanced the idea that at the close of the 
last glacial epoch the Hudson valley formed a glacial lake bounded 
on the north by the barrier of the ice sheet during the retreat from 
the basin of Lake Champlain and the St Lawrence valley. The 
barrier of this lake on the south was thought to have been due to 
an elevation of the present mouth of the Hudson which afterward 
sank beneath sea level. The subsidence of this coast is still going 
on, and the submerged channel of the Hudson has been mapped 
by the United States Coast and Geodetic Survey. The absence of 
marine fossils from the postglacial beds of the Hudson valley is 
taken as evidence that this valley has not been occupied by the sea 
either as an estuary or a strait at higher levels than the present 
since the ice age. 

DeGeert believed that the Catskill delta was formed at a time 
when New England and the contiguous portions of Canada were 
made an island by a strait on the west and the enlarged gulf on 
the north. 

From a rapid review of several localities he constructed a chart 
of isobases of equal change of level. In the Hudson and Cham- 


1Gray, Alonzo & Adams, ©. B. Elements of Geology. N. Y. 1853. 
p.160-61. 

2Manual of Geology. Phila. 1860. p.247-48. 

Bost. Soc. Nat. Hist. Proc. 1892. 25 :335. 

4Bost. Soc. Nat. Hist. Proc. 1892. 25 :335. 
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plain valleys he placed the 0 isobase at New York and that of 600 
feet elevation near’ Plattsburg. 

Mr S. P. Baldwin in 18941 regarded the heavier sand deltas of 
the rivers tributary to Lake Champlain as the shore equivalent 
of the deep water clays with marine fossils and hence as marking 
the limit of salt-water invasion. In his opinion the sea did not 
reach higher than 150 feet at Whitehall and was 500 feet at St 
Albans in Vermont, giving a postglacial Winns of the land at the 
rate of 3 feet to the mile. 

The higher beaches, 658 feet at St Albans as noted by De Geer, 
are described as slight and regarded as due to a glacial lake held 
in by the concave front of the retreating ice sheet. This lake it 
was believed penetrated into the Hudson valley through the White- 
hall-Fort Ann valley. 


‘Pleistocene History of the Champlain Valley. Am. Geol. 1894. 
13 :170-84; map pl. 5, at p.170. 
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Chapter 11 


COMPARISONS AND CONCLUSIONS 


In the foregoing chapters the local history of the retreat of the. 
ice through the Iludson and Champlain valleys has been presented 
in its general outlines, with its accompaniment of proglacial lakes 
of ever increasing length, finally giving way to the invasion of the 
Sea over the Champlain district. It remains to compare certain 
phases of this history with reference to related data before pro- 
ceeding to the drawing of such conclusions as appear tenable. 


COMPARISON OF THE WATER LEVELS OF THE CHAMPLAIN AND HUDSON 
VALLEYS 


The difference in the aspect of the surface deposits of the 
Champlain and lower Hudson districts is so great when viewed 
in the light of a critical diagnosis of glacial and marine pheno- 
mena that I am sure one coming from the easily recognized 
shore line and sea bottom phenomena of the Champlain valley 
to the mouth of the Hudson would find no equivalent indica- 
tion of submergence in that district other than that which now 
appears to be in progress. All of the evidence in the lower 
Hudson appears to me permissive of a much higher stand of the 
land thereabouts during and since the retreat of the Wiscon- 
sin ice sheet began. But one serious point of difference which 
has been much discussed by Dr Merrill and myself concerns 
certain fine silty sands which occasion the tops of bluffs near 
the Hudson river, ranging in altitude up to 200 feet at least. It 
has seemed possible that some of this material may have been 
laid down over the district during a time of late submergence. 
In such places as I have examined the deposits or where they 
were examined in company with Dr Merrill, they seemed to me 
to be involved in the ice-laid drift in such a manner as to 
indicate their contemporaneity with the melting of the ice 
sheet in the southern Hudson valley and I have, rightly or 
wrongly, considered the evidence of the proglacial deltas and 
terraces with their ice contact borders and their exemption from 
overlying clays and marks of erosion by standing water as 
weighing more strongly in favor of the nonsubmergence of this 
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area since the hight and during the retreat of the Wisconsin 
ice sheet. 

I have elsewhere commented on the difference in the inclina- 
tion of the water levels in the lower Hudson and the Cham- 
plain valleys. The diagram, plate 28, has been prepared to 
spread before the eye some of the details bearing on this gen- 
eralization. A particular explanation of the diagram will be 
found at page 254. In this graphic interpretation of the ancient 
water levels it will be seen that those of the lower Hudson are 
made to incline at about one half the angle of those over the 
Champlain valley. It would be a very hasty conclusion to infer 
without particular facts to support the view that this differ- 
ence of rate of inclination is simply due to a more rapid rise 
of the land on the north. These evidences of water level cover 
a period as long as ‘the entire retreat of the ice sheet, a time 
as yet of unknown duration but presumably measured by tens 
of thousands of years so that there has thus been time for many 
changes of level. 

The terraces of the Hudson are too discontinuous and unre- 
lated within short distances to draw very certain conclusions 
from their levels particularly in the district from the High- 
land canyon northward to the beginning of the Albany clay 
cover on the rock terraces. In the diagram, plate 28, I have 
compared the proglacial delta levels with the line A-B. This 
line accords well with the rise in level of these deposits 
toward the north till the vicinity of Newburg when great irre- 
gularity appears in terrace levels most of which bear the signs 
of deposition in the presence of the retreating ice tongue in 
the Hudson valley. Not only these latter but also those on the 
south which appear to decrease southward in elevation at a 
regular rate as indicated by the line A-B might plausibly be 
interpreted as made in a succession of water levels essentially 
parallel with the steeper inclined water planes over the Cham- 
plain district. In this view it is necessary to regard the entire 
eastern part of the State tilted to the north to such a degree 
that the line T—M on nlate 28 is at sea level or parallel to 
sea level, and to regard the waters from the ice front at all 
stages of retreat as discharging through the Narrows in a some- 
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what regularly deepened channel excavated in the drift filling 
of the older rock gorge of the Hudson which it is to be pre- 
Sumed was quite as deeply filled when the ice began to retreat 
as it now is. The most serious objection which I have to this 
view is that it makes it necessary to suppose that the land 
remained at practically the same level throughout the epoch of re- 
treat and till the beginning of the marine invasion on the north. 
If we accept, as on the whole seems necessary, the successive 
deltas rising to the north from near the Narrows to beyond 
the Highlands as indicating the actual water level within the 
valley during that portion of the ice retreat, then two alter- 
native hypotheses present themselves to account for the differ- _ 
ence of inclination of the earlier and later levels in the lower 
Hudson and Champlain valleys respectively. The first of these, 
the simple one, attempts to explain the difference of inclination 
by a more rapid rise on the north, not excluding, what the 
observed facts demonstrate, some depression on the south. 
Here again the fact that the attempt is made to compare the 
leyels of water bodies which existed at very different times 
leaves the matter in doubt. The second of these hypo- 
theses is that after the retreat had gone on with bodies of 
water standing in front of the ice with their levels approxi- 
mately parallel owing to the stability of the land as regards 
tilting, the whole eastern part of the State became tilted down 
toward the north during the stage of Lake Vermont, and that 
in the subsequent reversal of this movement the same district 
participated blocklike in the change. . There are no facts indi- 
cating precisely how far above sea level any part of the district 
lay, till the upper marine limit was established. For, though 
we may determine the rate of tilting by a change of the former 
sea level, it is obvious that the whole mass may have been 
undergoing a positive or negative movement at ‘the same time 
that it was tilting. 

The district shows a number of features which are better 
explained by this hypothesis than by the other view. In the first 
place, the Albany clays sheet the rock terraces of the middle 
and upper Hudson valley but are wanting over the Highland 
and southern section, their lithologic equivalents being there 
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found in earlier proglacial clays.. The water body in which the 


Albany clays were formed appears to have spread over the rock | 


terraces and across the middle Hudson valley at a time when 
the region on the south rose above the water level, confining 
the waters to the excurrent stream lying within the gorge. The 
land must have been tilted to the north in comparison with its 
present attitude to have brought about such a distribution of 
effects. The well known phenomena of the submarine Hud- 
son require also to be explained. While it is difficult to deter- 
mine at what precise epoch the erosion phenomena there pre- 
sented had their origin, the theory of high elevation on the south 
at this time is rendered permissive by the knowledge we have 
of the old channel. 


DISTRIBUTION OF KETTLE HOLES MARGINAL TO THE HUDSON AND CHAM. 
PLAIN VALLEYS 

The accompanying plate [pl.28] represents the position and 
altitude of the kettle holes in the gravels and sands marginal to 
the Hudson river and the New York side of Lake Champlain. 
Some of these kettles, as on the Brooklyn sheet are in moraines, 
but most of them are in plains of gravel and sand marginal to 
masses of ice which lay at one stage or another in the valley. 
Excepting the type of kettle which occurs in the Brooklyn 
moraine, those northward along the Hudson and Champlain in- 
variably represent the melting out of detached or buried blocks 
of ice from local deposits of gravel and sand which were at their 
time undoubtedly above sea level and presumably, on account of 
the barrier which the ice of their margin imposed, in an embar- 
rassed drainage and hence above the level of standing waters 
farther along in the drainage system toward the sea on the south. 

Such of these shallow depressions as came within the reach of 
the clay-bearing waters or later deposits of gravel and sand would 
have been buried. Thus it is strongly probable that the lower limit 
of kame kettles in the Hudson and Champlain valley lies at or 
above the upper limit of local submergence whether by long con- 
tinued glacial lakes or the incursion of the sea. The lines repre- 
senting on one hand the lower limit of kettles and on the other 
the upper limit of standing bodies of water should roughly corre- 
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spond. It is to be anticipated, however, that the kettle phenomena 
should be very irregularly spaced from north and south and more 
likely to be found in areas of frontal or strong marginal ice 
drainage than elsewhere. 3 

Furthermore there may be more than one line of pitted plains | 
and terraces at varying distances and elevations from the main 
drainage channel] as has been explained in the preliminary account 
of glacial drainage. 

The plotting of the known kettles gives an example in the 
moraine at Brooklyn at about 100 feet; some at the foot of Crow’s 
Nest Mountain at 160 feet; and other shallow pits south of 
Poughkeepsie near Mine Point at about 170 feet, all of which fall 
fairly closely into a southward tilted plane, and all three lying 
above the water levels in that part of the Hudson river valley. 

North of the above described kettles on the Rhinebeck sheet 
and the southern part of the Catskill sheet are small groups of high 
lying kettle deposits, probably marking earlier marginal deposits 
than those nearer the river when the Hudson river glacier had 
shrunk to smaller dimensions. The lowest of these depressions 
inclosed by the 240 foot contour near Elizaville overlooks a fiat of 
water-laid deposits at about the upper limit of signs of standing 
water after the disappearance of the ice from this part of the 
valley. 

On the whole the kettle holes on the Rhinebeck and the southern 
third of the Catskill sheet are above the general level, and those 
on the north and south are much above the levels marked by ter- 
races or deltas indicating open, standing water. 

Very few kettles obtrude themselves on our notice in going 
north to the southern part of the Troy and Albany sheets. [Ex- 
cepting one low kettle on the Troy sheet near Teller hill at 240 
feet, the kettles from near Albany southward to the middle of the 
Catskill sheet fall along a tilted line which is about one half that 
of the tilt of the upper marine limit in the Champlain district. 
The actual tilt is at the rate of 2.8 feet a mile for about 50-miles. 

Here again comes a decided break in the kame kettle deposits. 
From the northern middle portion of the Troy sheet to the 
northern part of the Schuylerville, there are none of these signs 
of deposition in the presence of ice near the Hudson river at levels 
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below 500 feet, but a number occur east of Troy between 500 and 
720 feet, and one group on the Cohoes sheet at 600 feet. On the 
northern part of the Schuylerville sheet, kettle holes come in again ~ 
at 360 feet near Moreau pond; and examples may be encountered 
along the rising profile line to the north on the Glens Falls sheet 
in the Glen lake district with inclosing contours at 420 feet, and 
still farther north on the Ticonderoga sheet at Street Road with 
inclosing contours at 540 feet. This line of kettle deposits rises 
northward at the rate of 3.2 feet a mile, or more steeply than the 
earlier ones on the south. 

Comparing these three segments of lowest lines of kettle holes 
in the Hudson-Champlain trough, we observe that each going 
northward represents a successive later stage of the ice retreat, 
that each profile line on the north is successively more steeply 
tilted southward, and that these lines lie slightly oblique to a 
general line of tilted levels which may be drawn from the interna- 
tional boundary on the north to New York Narrows on the south. 

It is reasonable to suppose that this increase in the tilt rate 
toward the north is not an original feature but depends on a 
change which has taken place in the attitude of the land, a change 
which is demonstrated as being a tilt in the same direction by an 
abundance of facts drawn from other kinds of evidence. It is 
furthermore probable therefore that each of these segments of 
kettles in tilted profile lines was more nearly horizonital originally 
than now and that the steepest of them was as flat as is now the 
least inclined. If this be true it follows that the degree of tilting 
increases northward from New York Narrows to Lake Champlain. 


EVIDENCE FROM POTHOLES NEAR THE HUDSON GORGE 


Glacial potholes, the so called giant kettles, are of value in 
determining the relation of land and sea when they occur in 
abandoned water ways or localities where glacial streams can 
be shown to have been the cause of their making. A number of 
localities of potholes have been described. A pair of these water- 
worn holes may be seen in the rocks at Wappinger Falls at an 
elevation of about 45 feet above sea level. Professor Osborn has 
described a glacial pothole near Catskill N. Y. N. L. Britton 
noticed large ones near Williamsbridge. O. P. Hubbard has de- 
scribed potholes opposite Catskill near the Hudson. Those on the 
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Mohawk above Cohoes have been measured and described by 
Mr Gilbert. Fitch mentions potholes on both sides of Wood creek 
in the gneiss and sandstone at various hights, one of them lying 
60 feet above the canal. Some of these potholes are undoubtedly 
now in process of formation. No attempt has been made in this 
survey to determine the value of the known potholes in the east- 
ern part of the State as indications of the relation to sea level 
during the time the ice was on the country. So far as those which 
have been described are concerned and are of glacial origin, they 
would apparently admit of the land being somewhat lower than it 
now is or indefinitely higher. 


EVIDENCE OF HIGHER ELEVATION OF THE LAND IN THE SOUTHERN HUDSON 
VALLEY 

Distinct evidence of a higher stand of the land in the middle 
and lower Hudson yalley and over the submerged continental 
shelf is found in several kinds of facts. 

The submarine yalley already referred to as extending the 
Hudson seaward has often been appealed to as evidence of eleva- 
tion during the glacial period. The channel probably means 
elevation at so late a time but no one has been able as yet to 
determine the precise epoch in the glacial period from any evi- 
dence the channel affords as to when the Hudson coursed through 
it. The existence of the channel is however permissive of eleva- 
tion at any time during the Wisconsin epoch, and appears to the 
writer to be favorable to the view maintained in this paper. 

Of the particular evidences found within the existing land area, 
the drowned Hudson gorge, the drowned mouths of its tributary 
streams, and the abundant evidence about the mouth of the river 
that the coast is now and has been sinking in relation to sea 
level are much better evidence of a higher stand of the land 
during the waning Wisconsin epoch than the submerged Hudson 
channel taken alone. Some of these more definitely timed indi- 
cations of depression are described in the following notes. 

In the southern Hudson valley the present is a time of relative 
depression following one of uplift of the land to a higher level 
than the present. That the land is undergoing or has recently 
undergone a change of level in the lower Hudson valley is shown 
by the character of many lateral stream valleys. 
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_Thus the Croton river entering the Hudson on the east through 
a valley excavated before the Wisconsin epoch has a relatively 
broad mouth and is evidently engaged in silting up Croton bay, 
but previous to this existing stage and subsequent to the deposi- 
tion of Croton point delta at that stage of the ice retreat there 
took place extensive alterations in the outline of that deposit 
through erosion along the present path of discharge of Croton 
river into Tappan sea. There is also the deep cut which divides 
Croton point delta into two parts now loosely tied together by 
beaches and swamps. 

Cedar pond brook at Stony Point presents something of the 
same evidence. It has cut deeply through the North Haverstraw 
terrace which it built against the ice margin, as soon as the 
retreat of the glacier admitted of discharge into the gorge, but 
in its earlier excavatory work cleared away the bed below the 
present sea level, forming the back bay behind Grassy point 
which in the present stage has become partly filled with alluvium 
and swamp growth. 

Peekskill cove might be cited as an analogous instance of de 
pression in progress but there are reasons which have been set 
forth above for considering this as originally unfilled, the ter- 
races being marginal to ice in the channel. The continuance of 
the cove as a small harbor, however, is dependent on the depres- 
sion, for the streams which enter it are of considerable length and 
have no appreciable delta. 

Popolopen creek on the south of the site of Fort Montgomery 
is another cove which seemingly should have been filled at least 
to the present water level were not the land now lower than it 
was at some epoch after the retreat of the ice sheet. 

Likewise Fishkill creek enters the Hudson through an opening, 
now marsh filled, indicating considerable excavation below the 
present level of the sea before the actual water level was attained 
by the deposition of alluvium. 

Wappinger creek, below the falls, is a drowned valley without 
a delta. 

Rondout creek, coming in from the west and loaded with sedi- 
ment, has evidently in recent times filled up a broader channel 
which demands considerable excavation below the present sea 
level at some epoch after the retreat of the ice. 
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Esopus ereek, draining the southern field of the Albany clays, 
shows less signs of this change of level, and its delta is one of the 
marked recent alluviums of the Hudson river. 

On the other hand Roeliff Jansen kill, which comes in from the 
southeast and enters the Hudson below Catskill from a region 
of clays and, higher up, sands, has a broad reentrant mouth, 
showing excavation at a preceding stage. 

The Catskill is a large stream with a narrow gorgelike mouth 
in the clay terrace and possibly is not on its original path where 
it joins the Hudson. 

Stockport creek is another broad creek valley now largely silted 
up but indicating broad erosion below the present sea level, sub- 
sequent to the deposition of the Albany clays. 

From the mouth of Patroon’s creek at Albany 42° 40’ north 
latitude, the relation of side streams to the Hudson gorge changes 
and above that point in the river the tributary streams have pro- 
longed courses over the bed of the old channel. Lateral embay- 
ment of the mouths of these streams no longer takes place, and 
evidence of uplift or of excavation of the river bottom everywhere 
manifests itself in the rock floor of the ancient gorge by the be- 
havior of the main stream and its tributaries. 

If the northern Hudson valley is or has been rising and the 
southern part of the valley is or has been sinking, somewhere 
between the two areas must lie a line of no change of level. It 
has already been noted that a marked change in the character of 
the side streams in their relation to the gorge and its fiorded 
waters takes place at Albany which is near the head of tide. The 
actual delta of the Hudson river, as pointed out by Hayden as 
early as 1820, occurs in this part of the river extending from near 
Albany southward probably as far as Coxsackie in the form of 
alluvial islands and shoals with ever increasing swampy mud flats. 

It is presumable that the axis of rotation in the uplift of this 
region coincides with the present head of the delta or the vicinity 
of Albany, for, if this axis lay to the south of this point, marks of 
uplift in the side streams should appear farther south than they 
do and, if the axis lay to the northward at an appreciable dis- 
tance, marks of depression in the mouths of side streams should 
manifest themselves instead of the signs of apparent uplift. 


14, H. Hayden in Geological Essays. Baltimore. 1820. p.35. 
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POSSIBLE OBJECTIONS TO THE ELEVATION THEORY 


The view presented in this report that the land was for a part 
of the time during the retreat of the ice and at the time of the 
maximum submergence on the north several hundred feet higher 
than now at the mouth of the Hudson is, I am aware, in distinct 
opposition to the views held by some geologists and it seems 
necessary in this connection to meet the objections which may be 
raised so far as is permissible by the evidence now at hand. It 
should be borne in mind however that the time since the ice 
began to retreat is relatively long when compared with the time 
taken for such changes of level as are admitted by all in the St 
Lawrence district and that it may be that what at first is regarded 
as contradictory evidence of elevation and subsidence about the 
mouth of the Hudson river is but proof of movements which have 
succeeded each other. 

Early in the field work on which this report is based it seemed 
to me probable that the land about New York city had not under- 
gone since the ice began to retreat, a notable change of level 
either of uplift or depression and after examining the typical 
marine deposits and shore lines of the Champlain district it 
became evident that no recent marine deposit had been seen by 
myself or convincingly described by others above the most recent 
beaches in that southern field. I believe that one who has had 
the opportunity of studying attentively the Champlain marine 
district will be compelled to abandon the view of a postglacial 
submergence within the field of the Wisconsin drift sheet about 
New York city other than that now in progress. 

The most positive statement which the elevation theory has to 
meet is the supposition of Professor Salisbury,! that the gravels of 
the Far Rockaway ridge on Long Island are a marine shallow 
water deposit of a date as late as the ice retreat, and the statement 
that they are regarded by him as the local equivalent of his 
Cape May formation in Southern New Jersey. From a recon- 
naissance of ithe area on Long Island I had about the same 


‘Salisbury, R. D. in Geologie Atlas of the United States, New York City 
Folio, no, 88. 1902. p.15, 16; also Surficial Geology Sheet of the Brooklyn 
Quadrangle, where the Far Rockaway deposit is given as “gravel and sand 
of marine shallow water origin.” 
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time also referred the deposit to a nonglacial origin! but sup- 
posed it to be Prepleistocene because it was overlain about its 
base by the outwash plain of the Wisconsin moraines, and 
because I then saw no feldspathic pebbles which are so char- 
acteristie of glacially derived materials in this field. In re- 
visiting the ridge with Messrs Fuller and Veatch in the spring 
of 1903, ihey pointed out a considerable percentage of compound 
gravels in the deposit allying it with the Pleistocene deposits, 
in referring it to which I fully concur with them. These 
authors regard the deposit as an outlier of the Manhasset,? a- 
deposit of glacial origin containing much locally derived 
material and as I think all are agreed, deposited during a time 
of submergence. The deposit at Far Rockaway therefore has 
no bearing on the question of the attitude of the land during 
the late Wisconsin ice retreat; and if the Far Rockaway gravels 
and the Manhasset formation are the equivalent of the Cape 
May formation this last named with its signs of depression of 
the land in southern New Jersey must be contemporaneous not 
with the Wisconsin ice epoch but probably with the next pre- 
ceding glacial advance or the Iowan. 

It may be urged that if, at any time during the retreat of the 
ice, the land was raised several hundred (say 700) feet above 
sea level south of the Highlands, the Hudson gorge should 
there now be deeper, in the manner of the Norwegian fiord. In 
the absence of borings in the bed of the Hudson river we are 
in ignorance of the depth to bed rock in the deepest part of the 
buried channel. However deep the filling may be, undoubtedly 
a great amount of filling has been washed in from the clayey 
banks and the upper Hudson gorge which has been reexcavated 
in its clay filling. Since the deposition of the Albany clays 
something like 8 cubic miles of clay and coarser sediment have 
been removed from the old gorge between say Kingston and 
Fort Edward. If we suppose this sediment to have found its way 
to the bottom of the river between Peekskill and the Narrows, a 
distance of 65 miles, this supply of silt and clay alone would fill 


1Woodworth, J. B. N. Y. State Mus. Bul. 48. 1901. p.651, also map 


pl. 1. 
Fuller, M. L. & Veatch, A. C. Results of the Resurvey of Long Island, 


New York. Science. 1903. 18:730. 
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a trench of that length 1 mile wide and 660 feet deep. Of 
course such an arithmetical calculation is solely intended to 
show that enough material has been transferred in the Hudson 
valley since the glacial period to more than fill to its present state 
an old gorge such as the elevation hypothesis supposes to have 
existed. RTS 

As we have no direct evidence that the Hudson gorge is so 
deeply excavated in the bed rock from West Point southward 
through the New York Narrows the question of altitude of the out- 
let at this particular stage under the conditions assumed must 
remain locally undetermined. 

The width of the Narrows at the present sea level is approxi- 
mately 1 mile and the banks are glacial materials. There is 
naught in the deposits at the Narrows to render a former deeper 
channel impossible. In fact, if we suppose the sides of the 
channel where it is narrowest to slope down at an angle no 
steeper than 30 degrees the slopes would meet at a depth of 
over 1500 feet below the present sea level, a depth much in 
excess of any required depth of the Hudson channel for the 
drainage of waters from the Hudson-Champlain valley under 
any of the conditions which are shown to have existed during 
the retreat of the ice sheet. 

From a reference to the diagram plate 28, line G—-H, it will be 
seen that the outlet of the Fort Edward stage of Lake Vermont 
at New York must now be submerged not less than 650 feet if the 
view taken on page 192 is correct. 


DEFORMATION BY POSTGLACIAL FAULTS 


From the vicinity of Greenbush northward into Argyle there 
is a belt of as yet unknown width in which the glaciated surfaces 
of nearly vertical slates are disrupted by small faults with a 
downthrow on the west, showing that in postglacial times the 
land on the western side of the Berkshire hills has come to stand 
relatively higher than that in the Hudson gorge and on the west 
of the river. Further detailed work in the field-is required to 
make aquantitative statement concerning the amount of movement 
on these small faults. I have not been able without this detailed 
study to determine what role they may have played, if any, in 
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the tilting of the old water levels in the upper Hudson valley. 
The following note on the faults at Defreestville shows that these 
movements may assume some importance in the solution of the 
_ problem when their distribution has been accurately determined. 

At Defreestville east of Albany a few rods from the road 
corners on the southeast road from that place there may be seen 
in the gutter well glaciated rock surfaces broken into small 
step faults each with a downthrow from a fraction of an inch 
to as much as 3 inches on the west. In a horizontal distance 
of 12 feet I measured a westerly downthrow of 1 foot vertical. 
It is probable that this zone of displacement has narrow limits 
but the local rate is as great as 440 feet change of level to 1 mile 
horizontal. The fact that the same small faultings occur on the 
bank of the river at Greenbush is indicative of a measurable 
change of local levels in the terrace of this part of the valley. 
No allowance has been made for these movements in the present 
report. 

Mather! reported the existence of similar faults in slate rocks 
in Copake and Ancram. He mentions a locality near the end 
of Winchell’s mountain and not far from the base of Mt Wash- 
ington on the road from Copake to Boston Corners. He further 
cites Professor Merrick as having seen other examples, 14 mile 
west of Long pond in Clinton, in which the surface was displaced 
from 2 to 3 inches. 

What appears to be a nearly north and south fracture with 
3 or 4 feet throw with broken blocks of rock thrown into a narrow 
fissure occurs on the lake side of Trembleau mountain just south 
of Port Kent station. The downthrow in this instance is on the 
east in the direction of the lake valley. On Mt Monnoir near 
St Johns, Quebec, on the eastern side near the summit, similar 
evidences of fracturing appear with large inthrown blocks of 
rock from the sides. One of these cases was within the zone of 
wave action during the submergence; certainly that at Port Kent 
was within the zone of marine action. Wave action frequently 
opens small chasms in jointed and fractured rock but in a 
regressive movement of the sea it would hardly choke up such 
openings with large blocks from the sides in tumultuous disorder. 


1Mather. Geol N. Y. 1st Dist. 1848. p.156—57. 
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Chalmers describes small rock fractures of postglacial date 
in southern Quebec like those above mentioned near Albany, and 
the same kind of rock movement breaking glaciated surfaces has 
been reported in New Brunswick by G. F. Matthew. It is evi- 
dent that the changes of level which have taken place in this 
region have been accompanied by the local apparently widely 
distributed faulting of ancient rocks. It is hoped that special 
investigation of these dislocations in the upper Hudson valley 
will give data for applying a correction to the local data on which 
the recognition of the present attitude of the ancient water levels. 
depend. 


BEARING OF CHANGE OF LEVEL ON THE DURATION OF THE POSTGLACIAL 
INTERVAL " 

The elevation of shell-bearing beds at Montreal on Mt Royal 
to a hight of 550 feet together with the existence of the ancient 
marine limit marked by beaches at an altitude of 450 feet near 
the international boundary on the north slope of Covey hill, 
affords a basis for the calculation of the time which has elapsed 
since the marine shore lines were level water lines, provided the 
rate of tilting and local elevation can be satisfactorily determined. 
The fact shown in plate 28 and discussed in the preceding pages 
that an upper water level, apparently of lacustrine nature declines. 
at a rather uniform rate from north to south in the Champlain 
region makes it evident that the assumption of any given 
rate of vertical movement e. g. 3 feet a century would be erroneous. 
for all except.one point in the elevated district. Far to the north 
of the international boundary in the Hudson Bay district, Bell 
has given his reason for thinking that elevation is now taking 
place at a rate between 4 and 5 feet a century. On the south along 
the coast at the mouth of the Hudson river, Cook and others have 
estimated that the coast is now being depressed in relation to 
sea level at the rate of 2 feet a century; but recent engineering 
measurements of tidal range show according to Mr George W. 
Tuttle’ that at New York city since 1875 the subsidence has been 
at the rate of 1.45 feet a century. On the contrary from 1853 


*Matthew, G. F. . Post-glacial Faults at St John, New Brunswick. Am. 
Jour. Sci. ser. 3. 1894. 48:501-8. 
“See bibliography, No. 148a. 


—_— 


ANCIENT WATER LEVELS OF CHAMPLAIN—HUDSON VALLEYS 237 


to 1904 there appears to have been on the whole no permanent 
change of level. At the international boundary the rate must 
lie somewhere between 2 feet and 5 feet a century. On the 
Swedish coast elevation appears to be taking place at a rate 
of from 2 to 3 feet a century. Thus a rate of change of 
from 2 to 3 feet appears admissible for certain places on 
the earth’s surface. Assuming that there has been constant up- 
lift at Mt Royal, and that the rate has been that locally ascer- 
tained in the case of the Baltic coast and placing this at its maxi- 
mum of 3 feet a century, it would have required 18,666 years to 
raise the highest shell bed on that mountain from sea level to its’ 
present hight above the sea. Again, if we assume that the rate of 
elevation has been faster at Mt Royal but not greater than 3 feet 
a century at the international boundary, where the upper limit.of 
the Hochelagan marine invasion now stands at 450 feet, 15,000 
years would be required to accomplish the result. This method 
of attacking the problem it will be seen is not likely to give 
definite results unless the actual rate of vertical movement at the 
point where the elevation of the ancient water level is taken be 
known. In this district the data have not been gathered. 

Thanks to Mr Gilbert’s studies of the changes of level now 
taking place in the Great Lake basins the assumption may be made 
that on one of the radial lines of the apparently dome-shaped 
uplift which has taken place in this northeastern part of the 
country the rate of tilting on a south-southwest direction is such 
as to displace the two ends of a line 100 miles long .42 of a foot 
in 100 years. The line of water level traceable through Lake 
Champlain and southward through the Hudson exhibits a displace- 
ment showing uplift on the north and depression on the south 
such as to make the assumption of a southward tilting in this 
direction at a rate comparable to that made out for the Great 
Lakes. Making this assumption with the additional postulate that 
the present rate has held during the past, the following data lead 
to the conclusion stated below. 

At Covey hill on the international boundary the marine limit 
is 450 feet. Twenty-six miles north a littoral deposit of shells 
occurs on Mt Royal at the hight of 550 feet. The difference of 
level today between these two stations is at least 100 feet. 
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Originally the two localities were at the same sea level. If the 
tilting took place at the rate of 42 of a foot in 100 miles, in 26 
miles it would take place at the rate of .1092 feet in 100 years, 
and as the Montreal station is 100 feet above that at Covey hill 
we obtain the ratios (neglecting the third and fourth decimals) : 
as .1 foot is to 100 years, so is 100 feet to the time required to 
elevate the Mt Royal station 100 feet above the Covey hill station. 
Solving this simple proportion we obtain 100,000 years as the time 
required. At this rate the land must have risen at the rate of .55 
feet (65%; inches) a century at Montreal and .45 feet (534% inches) 
a century at the international boundary on the north and south 
line passing through the Champlain and Hudson valleys. 

This estimate of 100,000 years is for the time since the highest 

marine beach was level. This highest beach marks approximately 
the time of disappearance of the ice sheet from the St Lawrence 
valley so as to permit the free incursion of the sea. If the assump- 
tion used in this calculation were right it would follow that the 
Laurentide ice sheet disappeared from the St Lawrence valley as 
long as 100,000 years ago. 
- It may be, though, that the rate of tilting in the northsouth 
direction through the Champlain-Hudson valleys is now and has 
been at a more rapid rate than that ascertained for the Great Lake 
district on a south-southwest line. If we assume the rise at Mon- 
treal has been at a rate five times as fast as that inferred above 
or 2.75 feet a century then it has required 20,000 years to effect 
the change. It does not seem possible that the rate of uplift at 
Mt Royal could have been on the average more rapid than 2.75 
feet in 100 years and there is no reason to assume that it was 
Slower than the rate of tilting now observable in the Great Lakes 
district. The disappearance of the ice sheet from the low grounds 
about the northern open mouth of the Lake Champlain valley may 
be said therefore with some probability to have taken place not 
less than 20,000 years ago and not longer than 100,000 years ago. 
That it was somewhere between these limits is more probable than 
that it was either 20,000 years or else 100,000 years ago. 

There is yet another method which though equally interesting 
is not more trustworthy perhaps. By reference to the diagram, 
plate 28, it will be noted that on the Assumption of essential 
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rigidity in the movement of the crust from New York to Montreal, 


when the sea was at the upper marine limit in the Champlain 
country the site of New York city must have been about 650 feet 
above sea level. If now the rate of depression which has brought 
about the change of level at New York postulated by this view 
be assumed to have been in the long run 2 feet a cen- 
tury, it will have taken 32,500 years to accomplish the change 
which has occurred since the sea stood at its upper limit in the 
St Lawrence valley. Such figures mean only that the postglacial 
epoch or phase for the glaciated portion of the country is to be 
measured, as Gilbert has stated it, by tens of thousands of years. 


COMPARISON OF NORTHERN AND SOUTHERN MOUTHS OF THE HUDSON- 
CHAMPLAIN DEPRESSION 

The most striking differences are apparent in the recent geologic 
history of the lower Hudson valley and the wide open mouth of 
the Champlain valley. In the northern area there are abundant 
beaches of strong development attesting the action of powerful 
waves with a fetch of wind over wide sheets of water, and cer- 
tainly the lower of these water levels are marine as abundant 
marine fossils in sands and clays from an altitude of 350 feet 
down to the level of Lake Champlain testify. The typical glacial 
topography over the plains below the marine limit is largely 
smothered by wave action involving cutting and filling. Where 
moraines or eskers exist, they are incised by the horizontal lines | 
of wave action. More than all this the existence of a broad 
estuary ig attested by the widespread distribution of clays bor- 
dering Lake Champlain, clays on which in the central areas 
remote from the old shore lines and sand deltas no newer deposits 
repose. 

In the southern area including the vicinity of New York city 
and the wide valley of the Passaic and Hackensack, a relatively 
low area analogous to that at the northern end of Lake Cham- 
plain, recognizable wave lines have not been found, no undoubted 
marine beach, bar, or cliff is known to exist above the present sea 
level. The glacial deposits are, except in marshy and swamp 
areas at the surface without suffusion by clays which ought to be 
expected if the region had been submerged for any appreciable 
length of time. A diligent search conducted for certainly over 
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half.a century by numerous observers whether amateurs or official 
geologic surveyors has failed to bring to light postglacial marine 
fossils above the level of the sea at the mouth of the Hudson. 

The comparison of the extreme ends of the great Hudson-Cham- 
plain depression speaks eloquently of marine submergence on the 
north during a time when the region on the south about the mouth 
of the Hudson at least was as it now is above the level of the sea. 


SUMMARY OF GEOLOGIC HISTORY BEGINNING WITH THE RETREAT OF THE 
WISCONSIN ICE SHEET 

From the foregoing more or less detailed but as yet incomplete 
account of the successive frontal moraines in the Hudson and 
Champlain valleys, it follows that the ice front after receding 
from the moraine at New York Narrows became more and more 
irregular in outline, more and more reduced to a long loop pro- 
jecting southward in the Hudson valley and receding northward 
over the highlands which formed a wall on either side of it. When 
the ice had so far dwindled away as not to be able to surmount 
the Archean ridge of the Highlands, it still pushed southward 
through the Hudson canyon in this elevated district a narrow 
tongue of ice which has left its marginal deposits of stratified 
gravel, sand and clay, at Croton Point, North Haverstraw, about 
Peekskill, and in the vicinity of West Point. During this stage 
of the waning Wisconsin epoch, the land from the Highlands 
southward through the lower Hudson valley appears to have been 
occupied by standing water about the margin of the receding ice. 
The level of this body of water is now marked by proglacial deltas 
which rise to the north at the rate of about 2.6 feet a mile;! an 
inclination very close to that found by Ktimmel for the shore lines 
of Lake Passaic in New Jersey. 

When the ice disappeared from the Wallkill valley about the 
northern slopes of the Highlands, it formed a long tongue from 
Newburg northward covering the greater part of the width of the 
floor of the Hudson valley. About its margins were accumulated 
stratified gravels and sands now in the form of terraces, with ket- 
tles and ice-block holes, extending on its eastern margin north- 


“This eStimate is obtained by taking the distance, 34.5 miles, from the 
College Point delta with an elevation of 30 feet, to the terrace used for a 
state military camp at Peekskill with an elevation of 120 feet. 


—_— = 


ANCIENT WATER LEVELS OF CHAMPLAIN—HUDSON VALLEYS 241 


eastward probably into union with one or more of the morainal 
stages described by Taylor in the Berkshire hills of northwestern 
Massachusetts. About the end of the glacier, clays were depos- 
ited at Newburg and Fishkill Landing in the northward extended 
body of water whose shore lines are marked by the earlier formed 
deltas and terraces of the ice retreat. 

From this time on till later in the history of the recession, the 
-retrogression of the ice front is marked by partially revealed 
gravel and till deposits in the Hudson gorge or over the surface 
of the rock benches which border it. As the ice front passed the 
mouths of streams which enter the Hudson, their volume and 
load of sediment was vastly increased by contributions from the 
ice on their north bank, thus determining the time of their maxi- 
mum constructive effect. The result of these changes is seen 
in the horizontal alternation of deposits of till and gravel with 
finer sediments at intervals of a few miles in the banks of the 
gorge from the Highlands northward as far as Rhinebeck north 
of which region the coating of a later group of clays laid down 
far beyond the ice front of their time partly conceals the full 
history of the disappearance of the ice from the immediate vicinity 
of the gorge. 

As soon as the Mohawk valley was opened a large contribution 
_ of water charged with fine sediment came into the Hudson valley 
from that direction and for some time later was distributed far 
and wide to the south in the form of clays which may be traced 
as an almost continuous sheet over the rock benches and in the 
gorge itself as far south at least as Saugerties. The same body 
of clays extends northward along the Hudson banks at least to 
the southern border of the Fort Edward district and probably it 
is the same clay formation though perhaps of a somewhat later 
stage of deposition which is traceable through the valley of Wood 
ereek into that of Lake Champlain. 

The deposition of this clay appears to have been interrupted 
by an advance of the ice into the Fort Edward district as far 
‘south as the northern mouth of the deeper Hudson gorge. 

The waters of Lake Albany, in which this clay was deposited, 
appear to have been shallow and to have covered the rock benches 
of the gorge as far south as Saugerties, possibly also at Rondout 
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but south of this latter named point there is no trace of deposits 
so late as this stage in the glacial retreat now recognizable above 
the summit line of the walls of the Hudson gorge. It is to be 
inferred therefore that Lake Albany had its southern limit some- 
where in the vicinity of Rhinebeck and Rondout and that south 
of that point the surface of the rock terraces were then and have 
ever since been above the level of standing water. 

The shore lines of Lake Albany, determined by the hight of 
marginal deltas, now rise to the north at a somewhat steeper 
rate then the land on the south of the Highlands, but from New- 
burg northward for several miles there is great discrepancy in 
the level of deltas marginal to the gorge, some of the terraced 
deposits being of a character and elevation to suggest that the 
water level varied greatly from time to time. On the whole the 
deltas from Rondout northward to Albany appear to lie in a 
tilted plane which, if continued southward, passes below that in 
which the deltas from the Highlands southward lie. This is 
interpreted to mean that, as time went on, the detritus in the 
lower Hudson gorge and about its mouth, in and about the 
terminal moraine, was swept away by powerful currents lower- 
ing the level of the waters about the ice margin. This of course 
could only take place if the land were far enough above sea level 
to render the water levels in the Hudson valley independent of - 
the control which would be exerted by a submergence in the sea. 
The facts seem to indicate that the land was so far tilted down 
on the north and up on the:south that Lake Albany, held in by 
the ice front on the north, was caused to spread over the rock 
terraces in the upper Hudson-yalley while an outlet for its waters: 
was found through the gorge on the south of Rhinebeck below that 
at which the sea stands today. 

For a time the waters of Lake Albany extended northward over 
the Fort Edward district, covering the lower portion of the 
plateau about Fort Ann; and thence, connecting through the 
narrow defile of Wood creek, united with a glacial lake which was: 
extending northward in the valley of Lake Champlain pari passu 
with the retreat of the ice from that valley. The attitude of the 
land from Lake Champlain southward to the region of Lake Albany 
was now that of depression on the north so that the floor of Lake 
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Champlain was below sea level though the sea was as yet ex- 
cluded by the ice. The region about Fort Edward was above sea 
level as will be noted from the next feature in the sequence of 
events. 

From some cause which can only be at present postulated from 
the known conditions of the time and hence probably the effect 
of the powerful discharge of the drainage through the Hudson 
gorge, coming not only from the melting ice in the Champlain 
district but as well as from the intake from Lake Iroquois which 
was now in existence on the west of the Adirondacks, the waters 
of Lake Albany were drained off. That this withdrawal was due 
to a deepening of the Hudson gorge on the south rather than to 
a change in the attitude of the land is indicated by the fact that 
the shore lines of the Champlain district show no signs of a dis- 
turbance at this time. With the withdrawal of the waters over 
the Albany district, a divide partly of glacial materials and 
partly of the bed rock was revealed between the nascent glacial 
lake over the Fort Edward basin and in Lake Champlain valley 
and the region on the south, and waters began to spill over this. 
barrier west and south of Schuylerville across those fields which 
were later the scene of Burgoyne’s defeat. Thus Lake Vermont 
was born, consisting, on the south of the mountainous ridges. 
between two of which Lake George lies, of a shallow lake over 
the Fort Edward district, and a constantly enlarging body of 
water on the north, Lake Vermont proper. 

The discharge at this spillway is believed soon to have cleared 
out and shifted into an older channel which forms a now partly 
abandoned river valley just west of Schuylerville. The stream at 
this stage entered the Hudson gorge at Coveville with a fall over 
the Hudson slates at that point. At this time the Hudson gorge 
proper from Coyeville northward to Northumberland must still 
have been filled with glacial gravels and the clays which may 
still be seen on the valley sides. 

Thus was formed the Coveville stage of Lake Vermont. The 
water level was now about 100 feet lower than in the previous 
initial stage, and if the correlation worked out in this report 
is correct, the lake was at this time about 200 feet above the 
then sea level. The floor of the Hudson gorge at Coveville was 
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about 100 feet above sea level as it is today. The Hudson gorge 
from Coyeville southward must have been largely cleared of the 
clays and other glacial deposits. ; 

Gradually the filling of clays in the old gorge through which 
the Hudson now passes Schuylerville was removed and the dis- 
charge from Lake Vermont fell into this lower channel reducing 
the level of the waters on the north till they fell to the level 
of the present divide between the Hudson and Champlain drain- 
age in the Wood creek valley just northeast of Fort Edward, 
where the lowest point in the hight of land between the St 
Lawrence and the Hudson valley is only 147 feet above the sea. 
This stage of Lake Vermont, when all traces of a lake had 
disappeared about the Fort Edward district, found the Hudson 
from Fort Edward southward a much more powerful river than 
it is now. 

During the development of Lake Vermont and as soon as the 
ice had withdrawn from the northern slope of the Adirondacks 
to the very border of that district, a powerful discharge of 
water coursed along the ice front from the St Lawrence valley 
to the eastward and fell into the lake near West Chazy. The 
course of this torrent is marked by the so called “ flat rock ” areas 
from Covey hill southward through Altona. Somewhat later, when 
discharge at a lower level was permissible, the waters excavated a 
gorge with a fall at its head on the south side of Covey hill. The 
Gulf with its lakelets stands as a silent monument of this van- 
ished river. 

At a yet later stage, following the stand of the waters in 
Lake Vermont under the control of the Fort Edward outlet, 
the ice barrier on the north began to give way; the waters 
leaked out northward, we are at liberty to suppose, thus lower- 
ing the lake level step by step; and then when the ice was no 
longer a barrier the sea came in at a lower level, the position 
of which seems to be determined, from a study of the upper limit 
of beaches on Covey hill, and by the upper limit of shells and 
the related data in the Champlain valley. As pointed out in the 
text, the sea appears not to have extended farther south than 
Whitehall at which time the land on the south was as high if not 
higher than now. 
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Subsequent to the invasion by the sea, the land began to rise 
on the north and to sink on the south, a movement which is, 
according to the evidence obtained by Gilbert and others in 
the Great Lake district, and by Cook and others along the coast 
east and south of New York, still going on. In the valley of Lake 
Champlain we find the indisputable evidence of uplift as high 
as marine shells occur. About the mouth of the Hudson we 
observe evidences of recent sinking and though we can not, 
from what we see there, determine how long the depression has 
been going on, it would seem as if the land must have gone as 
far beneath the sea at that end of our line of ancient water 
levels as it has risen out of the sea on the far north. 


POSTSCRIPT 


If the sections of the Hudson river bed near New York city pre- 
sented by Professor Hobbs! in a recent paper include borings to 
bed rock rather than boulders, it would appear for the first time 
that the Hudson gorge at the latitude of New York city is not 
more than perhaps 350 feet deep beneath sea level; but the evi- 
dence is as yet by no means conclusive on this point. 


"_1Hobbs, W. H. Origin of the Channels surrounding Manhattan: Island, 
New York. Geol. Soc. Am. Bul. 1905. 16:151-82. See fig. 22-24 and 
p.176-79. - 
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EXPLANATION OF PLATE 28 


This plate is a north-south profile, in which the vertical lines 
represent the latitude lines, 15 minutes apart, which form the 
north and south boundaries of the quadrangles or sheets of the 
state topographic map. The horizontal and inclined lines repre- 
sent existing and ancient water levels with their angle of tilt in 
the double scale of the section. One inch vertical equals 533 
feet; one inch horizontal equals about 13.3 miles. The legend 
attached to the sections explains special symbols. The several 
lines, A-B, etc., indicate the following: 

A-B The solid part of the line connects the highest beach found 
at Port Kent (Plattsburg quadrangle) with the highest 
beach at Street Road (Ticonderoga sheet) and represents 
the present tilted attitude of this old water level be- 
tween the two localities. The dotted extensions of the 
line north and south meet certain beaches on the north 
and come near the level of the deltas made in front of 
the retreating ice sheet in the Highlands and south- 
ward; it is a line of comparison. So far as present 
evidence goes the waters of glacial Lake Albany and 
Lake Vermont did not rise above the line. The de- 
posits found above the line appear to have been made 
in local bodies of water marginal to the ice sheet or to 
have been deposited by glacial streams confined on rock 
terraces similarly to those at West Point. Further in- 
vestigation may show that some of the shore line traces 
along this line on the north and certain deltas in the 
middle Hudson valley were made at different times in 
different water bodies. 

C-D Lake Vermont, with beaches and deltas, at the time of 
discharge through the Coveville channel or spillway 
below Schuylerville. It will be noted that this water 
level crosses the line A-B at the southern border of the 
Plattsburg quadrangle near Port Kent. If A-B really 
coincides with the earlier water level of the Champlain 
valley, it follows that the land was tilted down toward 
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_ the north after the waters abandoned the A-B level and 
before C-D was formed, causing the waters on the north 
of Port Kenc to submerge the old level. 

E-F Lake Vermont at the next lower stage after the opening 
of the old gorge through which the Hudson now flows 
at Schuylerville, and when the outlet of the lake was in 
the Wood creek channel near Dunham basin above Fort 
Edward, the present divide between the Hudson and 
Champlain drainage. 

G-H Represents the extension of ithe present inclination of 
the bed of the Hudson gorge from the divide at E south- 
ward to the head of tide where the rock floor dis- 
appears. If the above water levels are correctly 
measured, it is necessary to suppose that the rock floor 
of the Hudson is at least as deep at any particular 
point in the Hudson valley as the line G-H indicates for 
that point, and since the bed of the rock gorge must 
have deepened toward the mouth on the south the real 
depth of the gorge is presumably deeper than is indi- 
cated by the line G-H. 

H-E-I Indicates the profile of the bed of the rock channel from 
near Mechanicville to Whitehall at the head of Lake 
Champlain. 

J-K The approximate level of Lake Champlain, 98 feet above 
sea level. 

L-M The inclination of the upper marine limit. Note that 
since E-F was level the land has risen more at the inter- 
national boundary than at Whitehall for E-F and L-M 
are not parallel. M is at Mt Royal back of Montreal, 
Canada. 

N-O A line passing through the highest shell localities from 
Montreal (550 feet) along the western side of Lake 
Champlain to near the head of the lake. A straight 
line passing through the two highest shell localities 
would meet the surface of Lake Champlain near White- 
hall. 

P-Q Present sea level. 

R-S. The level of Lake George. 
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The numerals indicate the following localities, a description 


of which will usually be found at the page indicated: 


College Point delta, Harlem sheet [p. 90] 

Tappan moraine and outwash plain [p. 93, pl. 2]; Tarrytown 
sheet 

Tarrytown delta, Gory brook; Tarrytown sheet [p. 96] 

Ice front at Croton point; Tarrytown sheet [p. 98] 

North Haverstraw frontal terrace; Tarrytown sheet [p. 100] 

West Point and Cold Spring terraces; West Point sheet 
[p. 111] 

Roseton terrace; west bank of Hudson; Poughkeepsie sheet 
poe Bey 

New Hamburg lateral moraine terrace, mouth of Wappinger 
creek ; Poughkeepsie sheet [p. 119, pl. 5] 

Marlboro lateral moraine terrace; west bank of Hudsom 
[pl. 5] 

Lateral moraine terrace south of Hyde Park; Rhinebeck 
sheet [pl. 6] ; 

Lateral moraine kettle terraces from Cokerville northeast- 
ward through Livingston; east side of Hudson; Catskill 
sheet [p. 121, pl. 7] 

Lateral moraine terrace kettles 2 miles northwest of West 
Coxsackie; west side of Hudson [not further described] 

Schodack terrace; Troy sheet [p. 122, pl. 8] 

Kenwood terrace, a faint river terrace west bank of Hudson 
near Kenwood; Albany sheet [p. 199] 

Kame terrace southeast of West Sandlake [p. 126]; Troy 
sheet 

Cooper pond kame terraces; Troy sheet [p. 227] 

Supposed ice front north side of Mohawk delta near 
Schenectady ; Schenectady sheet [p. 131] 

Hoosic delta; Cohoes sheet [p. 134, pl. 10] 

Delta of the Batten kill, south of the stream. The delta 
symbol on right and lower down stands for the delta 
plain north of the river [p. 137, pl. 11] 

Old outlet of Lake Vermont; symbol placed at Grangerville; 
Schuylerville sheet [p. 196, pl. 11] 


Glacial terrace at Moreau pond [pl. 12]; Schuylerville sheet 


q 
. 


21 400 foot terrace delta of Adirondack-Hudson; east base of 
Palmertown mountain; 350-60 foot terrace farther east : 
Glens Falls sheet [p. 145, pl. 13] 

22 Outlet of Lake Vermont, Fort Edward stage; in channel 
near Dunham basin; Glens Falls sheet [p. 198, pl. 13] 

23 Terrace plain southwest of Glen lake about 1 mile south- 
west of Rush pond; Glens Falls sheet [pl. 13] 

24 349 foot outlet (?) south of Lake George east side of French 
mountain; Glens Falls sheet 

25 Outwash plain from ice at southern end of Lake George, 
north of Bloody pond; Glens Falls sheet 

26 Delta of the Mettawee river; West Granville; Fort Ann 
sheet [p. 149] 

27 Delta of the Poultney river, Fairhaven Vt.; Whitehall sheet 
[p. 150] 

28 Probable beach lines east base of Cooks mountain; Ticon- 
deroga sheet 

29 Boulder pavement north base of Cooks mountain, south of 
Trout brook; Ticonderoga sheet 

30 Shore line of flat east of old Fort Ticonderoga; Ticonderoga 
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sheet 

31 Upper beach line on glacial terrace, Sawyers hill, north of 
Street Road; Ticonderoga sheet [p. 155, pl. 15] 

32 Stony beach line 1.5 miles northwest of Crown Point Center; 
Ticonderoga sheet [pl. 15] 

33 Surface of terrace 2 miles northwest from Crown Point; 
Ticonderoga sheet [pl. 15] 

34 Wave-cut lines on shoal 1.5 miles northwest from Burdicks 
crossing ; Ticonderoga sheet [pl. 15] 

35 Gravel terrace on Grove brook, southwest of Port Henry; 
Port Henry sheet [pl. 16] 

36 Fragment of delta south side of Mill brook, back of Port 
Henry; Port Henry sheet [pl. 16] 

37 Probable shore lines back of Port Henry [pl. 16] 

38 Faint beach at base of rock cliff north of Port Henry and 
east side of abandoned mines.and village [pl. 16]; Port 
Henry sheet 
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_ Fossil shells on Crown Point peninsula [p. 213] 


Wave-cut (?) terrace levels on delta of Mullen brook [pl. 16] ; 
Port Henry sheet 

Fossil shells near Willsboro; Willsboro sheet [p. 213] 

Wave-heaped ridge back of Port Douglas; Willsboro sheet 

Spitlike deposit of coarse debris north side of Trembleau 
mountain, back of Port Kent; Plattsburg sheet [pl. 21] 

Dissected delta of Ausable at Keeseville, and shore lines; 
Plattsburg sheet [pl. 21] 

Sea cliff cut in till near old tollgate, back of Port Kent; 
shore lines in till above cliff; also approximate surface of 
a delta plain of the Ausable [p. 204, pl. 21] 

Fossil shells near Port Kent railroad station [p. 212, pl. 21] 

Fossil shells; Freydensburg’s mills on the Saranac; Platts- 
burg sheet [p. 211] 

Faint beach south by west from Beekmantown, southern 
edge of Mooers sheet [pl. 29] 

Beach ridge or broad bar in Beekmantown, south of Silver 
‘Creek; Mooers sheet [pl]. 29] 

Cobblestone hill, wave-washed moraine; about 3 miles 
northwest from West Chazy; Mooers sheet [p. 172, pl. 29] 

Altona delta; at Altona; Mooers quadrangle [p. 172, pl. 29] 

Dissected delta on the north branch of the Big Chazy river 
south of Deer pond in Mooers; Mooers sheet [pl. 29] 

Cobblestone beach ridges with hooks; at head of Kellas 
brook; Armstrong’s Bush, northwest corner of Mooers 
sheet [p. 172, pl. 29] 

Spillway at the Gulf, head of upper lakelet, south of Covey 
hill, partly in Canada [p. 161, pl. 25] 

Faint beach flat on Kellas brook, Armstrong’s Bush, north- 
west corner Mooers sheet [p. 172, pl. 29] 

Highest of the series of beaches between 538 and 360 feet 
along the international boundary west of west branch 
of English river [p. 173, pl. 29] 

Delta of the English river [pl. 29] 
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The superior figures tell the exact place on the page in ninths; e. g. 179° 
means page 179, beginning in the third ninth of the page, i. e. about one 


third of the way down. 
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fossils in, 208'-16". 

Champlain group, 218°. 
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isms of in the Hudson river yal- 
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INTRODUCTION 


The writer’s work in the Adirondack region has been mainly 
confined to Clinton and Franklin counties, and what is set forth 
in the present report is mainly the result and summation of that 
work. In addition some detailed investigation has been done 
in western St Lawrence county and in the region about, and 
northward from, Little Falls in Herkimer county. Brief recon- 
naissance trips have also been made in Essex and Hamilton 
counties. Professors Kemp and Smyth have worked during the 
same period in other parts of the region. They were the pioneers 
and generously made room for me. We have all worked most 
pleasantly and harmoniously together and in consultation, in 
correspondence, and in combined work in the field have freely 
shared ideas with one another. How large a part of my present 
views concerning the geology of the region is due to this free 
intercommunication, I am wholly unable to say. I only know 
that the indebtedness is great, is fully appreciated and gratefully 
acknowledged. 

The Adirondack region is in many respects a difficult one in 
which to study geology. The universal forest covering, the diffi- 
culty of getting about, greatly increased in burned districts and 
in those littered with the lumberman’s refuse, the frequency of 
rains and the scarcity or absence of settlements in most of the 
district are hindrances to work in many respects, specially since 
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the complicated character of the geology necessitates a careful 
‘Survey of the whole ground. The work has been greatly hampered 
also by the very imperfect character of the maps available, the 
new maps as yet barely reaching the region ‘under consideration. 
The healthful and invigorating climate and the abundance of 
pure water are great compensations in their way. 

The problems presented for solution are of the most difficult 
sort. The interpretation of the present topography, the working 
out of the complex history of the region during Glacial times 
and the deciphering of the complicated structure and history 
of the older rocks of the region are all matters requiring long 
and patient labor and the undivided attention of the worker. The 
writer’s attention has been centered mainly on the latter problems, 
hence such work as has been done on the others has been inci- 
dental, and the fragmentary character of the results obtained 
is fully appreciated. Prof. J. B. Woodworth is now occupied 
with these matters, and, when his work is extended over the 
immediate region, great and important additions to our knowledge 
are sure to follow. 

The summary of the geologic history of the region with which 
the report opens is for the convenience of the reader. The de- 
tailed evidence on which that summary is based will follow later 
and must be taken for granted till presented. 


SUMMARY OF GEOLOGIC HISTORY 

The rocks now exposed at the surface in the Adirondack region 
proper, are among the most ancient rocks known anywhere on 
the earth’s surface, so that their record carries us far back, back 
to the remoter times of the geologic history of the earth. This 
early record is exceedingly difficult to decipher because of the 
great age of the rocks, because of the fact that they have been 
vastly modified in character by repeated action of great com- 
pressive forces, and because the rocks now at the surface were, 
at an early stage in the history of the region, deeply buried under 
several thousand feet of other rocks which have since been worn 
away. It was while thus deeply buried that the major part of 
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this change from their original character was effected. But the 
character of the change brought about by compression varies with 
the depth of the rocks beneath the surface because of hightened 
temperature and pressure, and rocks may become so greatly 
modified as to lose all trace of their original character. 


Precambric history 


“4 Old sediments. The oldest rocks which have with certainty been 
recognized in the Adirondack region consist of certain well 
banded gneisses and schists, with bands of varying thickness 
of coarsely crystalline limestone. They are believed to be old 
water-deposited rocks, ancient sheets of sand, mud and calcareous 
mud, deposited on the floor of some large body of shallow water, 
in all probability the sea. They are now so greatly changed from 
their original condition that the structures and textures char- 
acteristic of rocks so formed have been almost wholly destroyed, - 
being replaced by others which are not characteristic, since they 
may be produced in igneous rocks as well. The inference as to 
their origina] condition is based partly on their composition, and 
partly on the fact that they show frequent and rather abrupt 
alternations in character, as if they had originally consisted of 
beds and layers of varying composition, as water-deposited rocks 
do. There is apparently a great thickness of these beds, but 
their base has never been made out with certainty nor is their 
summit known, so that our ideas concerning their thickness are 
of the vaguest. They must have been laid down on a surface 
of older rocks; but we are at present wholly in the dark as to 
whether or not these older rocks are anywhere exposed in the 
district at the present time. Rocks which may not improbably 
represent them, are present and will be shortly described, but 
no exposures which will enable a decision in the matter have been 
discovered; nor are they likely to be in the immediate district, 
though perhaps such may be found to the west or south. 

Though unknown, the thickness of these deposits is great, with 
repeated changes in character, so that it is beyond question that 
the submergence endured for a long, a very long time, during 


274 NEW YORK STATE MUSEUM 


which many changes in conditions occurred, as shown by the 
changes in character of the rocks. 

Closely involved with these rocks are others which would seem 
to be of igneous origin, so far as may be judged from their com- 
position. The great changes which they have undergone have 
destroyed their original characters utterly, and they have been 
stretched out into bands parallel with the associated sediments, 
causing them to appear as an integral part of the series. It 
‘seems quite certain that they are, in part at least, igneous, and 
that they must be somewhat younger than the sediments, except 
in so far as they may possibly represent subaqueous surface flows, 
yet they can not be greatly younger, since they have undergone 
much the same changes, both in kind and in degree, that the 
sediments have experienced. Wherever the sediments occur, these 
igneous rocks are sure to be found associated with them, thus 
indicating widespread and profound igneous activity at the time. 

Rocks of doubtful age. In many parts of the region, and 
running in a broad belt across Clinton and Franklin counties, 
is found a group of ‘old rocks, profoundly changed from their 
original condition, which seem to be wholly of igneous origin, 
so far as can be judged from their composition; at least no rocks 
similar to those of the preceding group and which are judged 
to be sediments occur with them. They have been equally, if not 
more changed from their original condition than have the rocks 
of the preceding group, and all traces of their original structures 
have been destroyed. It is by no means impossible that they are 
older and represent the rocks of the floor on which that group 
was laid down; indeed, if any remnants of that floor remain, we 
have them here. But, since similar rocks, in general not to be 
distinguished from them, occur associated with the sediments, 
where they are clearly as young, or younger, these may represent 
great masses of such rocks, massed in such amount as to have 
wholly displaced the sediments. We are not able to decide these 
questions as yet. If but one rock group is represented, it is no 
older than the sediments. If more than one be present, one may 


be older. But, if so, we as yet lack the means of discriminating 
between them. 
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The rocks at present found in the district embrace only a frag- 
mentary remnant of those formed at this early time, a great 
thickness of other rocks having been laid down above them and 
later worn away. Twenty thousand to twenty-five thousand feet is 
not an exaggerated estimate of this thickness. It is not meant to 
imply that a uniform amount has been removed from the whole dis- 
trict, in fact there is every reason to believe that the opposite is 
true, that the region has been for much of its history a rugged 
one, and that much greater removal has taken place from the 
hights than from the depressions. While this accumulation of 
the rocks which have since disappeared was in progress, the 
region was in all probability below sea level and keeping pace 
with the deposit by a slow subsidence. Not improbably a great 
part of the accumulated thickness consisted of igneous rocks. 

Great igneous intrusions. After the present surface rocks had 
become deeply buried, they were invaded from beneath by a series 
of great igneous intrusions, broken up into patches and no doubt 
pushed upward to a considerable extent. At the time of the 
appearance of these intrusions the previous rocks had become 
profoundly changed in character, so that they were much in their 
present condition. The district embracing Essex, southern Frank- 
lin and northern Hamilton counties felt the full force of this 
invasion, the larger part of the present surface rocks in that dis- 
trict consisting of these igneous rocks, while away from it they 
occur merely in patches. The present rocks cooled far beneath 
the old surface and have been brought to the present one by wear 
and removal of the overlying. rocks. They represent abyssal, cooled 
masses, whence no doubt much molten material ascended toward, 
and not improbably to, the old surface. 

These rocks may be grouped into four great classes, anortho- 
sites, syenites, granites and gabbros, all undoubtedly derived 
from some great parent molten mass below by some process of 
differentiation. The anorthosite intrusion was the first, the 
bulkiest, and is the only one whose precise limits have so far been 
worked out. It was followed by one of syenite, that by one of 
granite, and the gabbro intrusion seems to have been latest of all. 
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All three have a much wider range and a more patchy distribution 
than the anorthosite. Their precise importance is however un- 
certain, since there are certainly granites and gabbros, and likely 
syenites also, of more than one age in the region, though quite 
similar to one another, so much so that no criteria have yet been 
developed for their discrimination. This difficulty has not to be 
met in the case of the anorthosite. 

At some time after the cooling of these great intrusions the 
whole district was subjected to great compression, as a result of 
which all the existing rocks were profoundly changed in character, 
the intrusives as well as the older rocks. But, since the igneous 
rocks did not experience the earlier compressions, as did the 
others, and since these must have been profoundly affected by the 
heat and pressure of the intrusions themselves, the intrusives are 
less completely altered than are the older rocks, and frequently 
retain traces of their original structures and textures, often in 
considerable amount, so that usually their origin and nature are 


not open to question. This is specially true of the anorthosites, - 


which are mostly very coarse grained, porphyritic rocks, but it is 
frequently true of the others also. The rocks were more or less 
mashed and recrystallized, and rendered gneissoid in greater or 
less degree, the same rock yarying much from place to place in 
these regards. It is the more gneissoid phases which are most 
difficult to distinguish from some of the older rocks. 

The character of the changes produced indicates that the rocks 
were under great load during the compression, or, in other words, 
were deeply buried beneath overlying rocks. 

Great Precambric erosion. Precambric time was very long, 
not improbably comprising as much as or more than one half of 
the earth’s geologic history. During most or all of the later part 
of this vast time interval the region was a land area and under- 
going wear. The overlying great thickness of rock under which 
the present surface rocks lay buried at the time of compression, 
was removed in Precambric time in greater part. Quite likely 
the time of elevation into a land area coincided with the time of 
compression, the two being effects from the same cause. The great 
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igneous intrusions may also have aided or initiated the upward 
movement. The great thickness of rock removed indicates the 
probability of more than one upward movement, since it is unlikely 
that the region ever had an altitude equal to the bulk of removed 
rock. Periods of depression beneath the sea may have alternated, 
though it is improbable that these could have had any great dura- 
tion, or we should surely find traces in the region of the deposits 
formed, and these we do not find. It is impossible to state posi- 
tively the amount of rock removed during this great denudation, 
but in all likelihood at least from 3 to 5 miles of rock thickness 
were worn away from the surface, and perhaps considerably more, 
specially locally. 

Surface topography at the close of the erosion interval. The land 
surface left at the termination of this long period of wear is of 
such nature that it could have been produced in no other way than 
by long protracted erosion under conditions of stability of level. 
After the last uplift of the region the streams sawed their valleys 
down to grade; and the slow processes of valley widening con- 
tinued at their work of broadening the valley bottoms and narrow- 


“ing the upland divides between the valleys, till the latter were 


largely obliterated, and the resulting surface was one of small 
relief, broad, shallow valleys, largely adjusted to the weaker rock 
beds and structures, separated by low, gently sloping divide 
ridges, with occasional low, rounded hills of extraresistant rock 
protruding above the general level, with elevations of only a few 
hundred feet above the valley floors as a maximum. To produce 
a land surface of this sort, specially on such resistant rocks as 
those of the Adirondacks, requires a vast lapse of time. The sur- 
face was not equally planed down in all parts of the region, but 
was somewhat more irregular on the present northern and eastern 
borders than on the southern and western, though the discrepancy 
is not marked. Over much of the surface the rocks were deeply 
weathered and decayed, forming a deep soil, but the evidence in 
this regard is conflicting, and apparently decay was less advanced 
on the northeast than elsewhere. 
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‘Later Precambric disturbances. During the long Precambric 
erosion period the present surface rocks were gradually approach- 
ing the surface ag the overlying rocks were, bit by bit, removed. 
They were therefore under progressively less and less load of 
overlying rocks, and, if subjected to compression during this stage, 
the effects produced would be very different from those brought 
about by compression under great load. That the rocks were so 
affected when much nearer the surface is clear, the main result 
being the production of the highly inclined or vertical, rather even 
cracks or fissures known as joints. There have been later times 
of joint formation in the region also, and the different sets are 
difficult of discrimination. But it is clear that there was some 
development of joints and faults, indicative of stress, at this time. 

Late Precambric igneous activity. During most of the long 
period of denudation which followed the time of the great igneous 
intrusions there was an absence of igneous activity in the region, 
at least in so far as near surface effects were concerned. But 
toward the close of the period, when the present surface rocks were 
no longer deeply buried, but were comparatively near the surface, 
molten rock again came up from beneath, likely from the same 
source whence the material of the great intrusions sprang. 
Whether any of this molten rock reached the surface then existing 
can not be determined, since no vestige of that old surface 
now remains, but in all probability there was volcanic action at 
the surface. The lavas utilized a system of east and west fissures 
or joints as ‘their channels of ascent and eventually cooled and 
solidified in them. Such lava-filled fissures are known as dikes, 
and these dikes are very numerous in portions of the region, 
specially at the northeast. Their upper parts, along with their 
surface outpourings, were worn away long ago. Could they be 
followed in depth, they would lead eventually to the reservoirs 
which supplied the material with which they are filled. 

There are two sets of these dikes, showing that there were at 
least two separate periods of igneous action at the time. The 
more common dikes are of heavy, dense, black rocks of the sort 
known as diabase. The others are less dense and heavy, usually 
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of red color and have the composition of syenites and granites. 
The latter are somewhat the older. The northeastern Adiron- 
dacks were the main scene of this igneous activity. The red dikes 
are practically confined to Clinton county. The black dikes are 
much more numerous and have a much wider range, but are vastly 
more abundant in Clinton and Essex counties than elsewhere. 

Erosion still continuing after the close of the igneous activity, 
all vestiges of the surface volcanics disapppeared, along with a 
thickness of rocks of considerable amount, but to be measured in 
hundreds, rather than in thousands of feet. 


Early Paleozoic history 


The long period as a land area finally came to an end, a move- 
ment of subsidence was initiated in the region and it became 
depressed, slowly passed beneath the level of the sea and began to 
receive deposit on the rather evenly worn surface, the valley bot- 
toms necessarily passing beneath the sea before the low divides 
were overtopped. This subsidence began at the northeast and 
slowly progressed southwestward. As zone after zone came 
within reach of the cutting of the waves, they would tend 
to pare it away to a smooth surface, and in parts of the region 
this wave action may have been a considerable factor in evening 
it. As zone after zone passed beneath the sea, deposit would com- 
mence on the surface, and, as the subsidence began on the east 
and northeast and progressed westward and southwestward, de- 
posits of progressively younger and younger age appear resting on 
the old land surface in passing from east to west, producing what 
is called overlap. Because of this, the earliest paleozoic deposits, 
those of Lower and Middle Cambric age, do not appear about 
the Adirondack region at all, though found not many miles to the 
eastward, where they were deposited in a separate basin. Be- 
cause of this, the Potsdam formation, or Upper Cambric age, 
does not appear on the west and south of the Adirondack region, 
though in great force on the north and east. 

Potsdam formation. This coarse, often pebbly, massive sand- 
stone deposit was the first formation laid down on the old land 
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surface of the present Adirondack region. It was deposited in 
shallow water under conditions of sufficiently vigorous wave and 
current action to remoye all fine mud particles, which were swept 
away and deposited elsewhere in deeper water. In Clinton county 
a thickness in excess of 800 feet, perhaps more than double that 
amount, of this sand accumulated before changing conditions 
brought about a change in the character of the deposit. The water 
must have been shallow throughout, hence the rate of subsidence 
could not have exceeded the rate of accumulation. This thickness 
diminishes westward and southward, and the sands are mostly 
absent from the west side of the region, as has just been stated. 
With diminishing thickness, it is apparently the lower beds that 
disappear. The basal portion of the formation in Clinton county 
seems to be the oldest of the deposits in the Adirondack region, 
and its often coarsely pebbly character and abundant content of 
undecayed feldspars indicate vigorous wave action on rocky shores 
of resistant, unrotted rocks. The upper portion of the formation 
here, and most of it elsewhere, consists of pretty pure quartz 
sand, indicative of prevailing different conditions from those 
above, namely that either the feldspars had been pretty thoroughly 
rotted previous to submergence, or else that they experienced the 
triturating action of the waves for a sufficient length of time to 
be wholly ground fine, while the somewhat harder quartz yet 
remained coarse, implying a slower rate of subsidence. The 
former is much the more probable cause, though no doubt the 
latter had some influence also, 

The present Adirondack region must have supplied much of 
the rock material thus spread on the sea floor, and the drainage 
of the district must have been mainly to the north and east. The 
present western border of the region was but slightly submerged 
during this time, and for part of the time the waters were clear, : 
with deposit of limestone instead of sand. The upper part of 
the formation around the Adirondacks is certainly a marine 
deposit and holds marine fossils. These are lacking in the larger 
part of the formation, and this, together with its character, sug- 
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gests the possibility that the larger part of the formation on the 
north was deposited in a closed or nearly closed basin. 

Beekmantown formation. By the close of Potsdam time the sea 
had encroached for a considerable distance on the present north- 
ern and eastern portion of the Adirondacks, but there was 
yet a large land area remaining in the heart of the region which 
on the west and southwest extended somewhat beyond the present 
surface limit of the Precambric rocks in these directions. Dur- 
ing Beekmantown time submergence was in progress on all sides 
of the Adirondacks, but it was most rapid, and to greatest 
amount on the northeast and diminished to the south and west, 
the rocks having treble the thickness in the lower Champlain 
valley that they have along the Mohawk. On the extreme west 
the amount of subsidence was but slight and little deposit took 
place. 

The Beekmantown rocks are in large part peculiar, and except 
for the fact that they are clearly water-deposited rocks, the 
precise conditions under which they were deposited are difficult 
to understand. In the upper portion of the formation are many 
pure limestone beds, often containing numerous fossils, and so 
far as these are concerned the formation seems clearly a marine 
limestone. These beds seem to be limited to the east and north 
sides of the region and to be wholly lacking on the south and 
west. The bulk of the formation everywhere is made up of beds 
of sandy dolomite. The sand is mostly rather coarse and is 
embedded in a fine mosaic of crystalline dolomite. There is little 
mud in the formation and fossils are either wholly lacking or 
else exceedingly rare. The sands imply vigorous water action, 
sufficiently so to transport them to their present resting place 
and to wash away all fine mud. Yet the sand forms less than 
254 of the whole formation, the bulk being dolomite, along with 
some calcite. The nature of the deposit would suggest a chemi- 
cal, rather than an organic origin for this material, since the 
waters must have been shallow, and this would imply estuarine 
or closed basin conditions of deposit, stream waters holding lime 
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and magnesium carbonates in solution, with frequent storm 
waters sweeping in sands from the adjacent land, and likely a 
climate of some aridity. That is, there must have been a land 
barrier to the eastward separating the basin from the Atlantic, 
and another to the westward shutting it off from the interior 
sea, with a considerable Adirondack island in the midst of the 
sea, on whose slopes the different beds of the formation over- 
lapped as subsidence progressed. The whole subject is beset 
with difficulty and needs thorough investigation, something that 
it has not yet received. 

Because of the greater thickness of the formation in the Cham- 
plain valley, and because the upper marine limestones occur 
only there and on the north, it is reasonable to suppose that the 
subsidence here opened a northeasterly connection with the sea, 
whence the marine forms entered the basin. Likely at about the 
same time subsidence ceased on the south and west and was not 
improbably replaced by uplift, raising the region above sea level 
and preventing the deposit of the marine limestones there. Such 
an uplift certainly. occurred shortly after, and may well have 
begun then. 

As a result of the Beekmantown subsidence and deposit, the 
land area of the Adirondacks was much diminished in size; 
though there still remained an area, mainly on the south and 
west, which was not submerged. Then came the uplift, which 
much increased the extent of this land to the south and west. 

Chazy formation. In the Champlain valley the Beekmantown 
formation is overlain by a considerable thickness of mostly quite 
pure, marine limestone beds containing abundant fossils. Fol- 
lowed to the north into Canada, these deposits change into sands 
and muds to a considerable extent, showing that a land area 
which supplied this land wash must have existed in that direction. 
How much of the present northern Adirondack region was over- 
spread by the Chazy sea can not be told, but it would seem that 
it must have been mainly submerged, since no land wash from 
it reached the present Champlain valley region. Followed to 
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the south, the Chazy deposits rapidly thin out, and the forma- 
tion was not deposited on the south and west sides of the region 
at all. Subsidence thereabouts must therefore have intermitted 
during Chazy time and likely during the latter part of Beekman- 
town time as well. In fact, the downward movement seems to 
have been replaced by one in the contrary direction, bringing 
above sea-level an area of considerable, though unknown, extent 
to the south and west of the Adirondacks, a condition in which 
it remained throughout Chazy time. The altitude above sea-level 
must have been very slight, since the surface shows little sign of 
wear. 

The Chazy basin then spread over the north and east sides 
of the region only, its open water connection being with the. 
eastern, and not with the interior sea, the extent of the latter 
being considerably contracted during this time. 

Lowville limestone. This is a comparatively thin band of pure 
limestone which directly overlies the Beekmantown on the south 
and west sides of the Adirondacks, but does not appear at all 
on the north and east. The Chazy elevation on the southwest 
was terminated by depression, and at about the same time or 
previously, elevation occurred, draining the sea from the Chazy 
basin. The Lowville is plainly unconformable to the Beekman- 
town surface, varies much in thickness and is wholly wanting 
in places, evincing the irregularity of surface on which it was 
laid down. 

The conditions under which the Lowville was deposited did 
not permit the entrance of, or else were unfavorable to the life 
of a marine fauna. If the former be the explanation, there must 
have been a land barrier between it and the sea to the south; 
if the latter, the cause is purely conjectural. Certainly the rock 
is very barren of fossils for the most part. 

Black River and Trenton formations. Both the Chazy formation 
on the northeast and the Lowville on the southwest are over- 
lain by a series of limestone beds which are plainly of marine 
origin, showing that following the Lowville, subsidence was 
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inaugurated all about the Adirondacks causing the interior 
sea to spread northward and eastward over the entire region. 
The Black River is locally absent along some of the southwest 
border, owing to slight irregularities in the floor on which it 
was laid down, and less frequently some of the basal Trenton 
-is absent from the same cause. Whether these irregularities 
were due to wear or to slight folding has not been determined. 

While apparently some slight remnants of the old Adirondack 
island persisted above sea-level during the whole or part of the 
Trenton, it is probable that they were of insignificant extent and 
likely confined to the southern part of the region. With these 
possible exceptions the sea of the closing Trenton seems to have 

overswept the entire Adirondack region. 

' The Black River and Lower Trenton are quite pure limestone 
deposits and hence clear water formations. But the Trenton 
soon comes to show some mud admixture, at first slight and inter- 
mittent but slowly increasing in amount, till finally it equals 
and then exceeds the lime, and the deposit becomes a calcareous 
shale rather than a limestone. These muds came from some 
land area to the eastward and progressively invaded the sea 
toward the west, so that limestone was still in progress of forma- 
tion on the west while shales were forming to the east. 

Utica formation. The limestones of the Trenton pass gradually 
upward into shales through increasing invasion of mud from the 
east. Trenton submergence was much interrupted on the south 
and southeast, so that the formation is much thinner there than 
on the west and the northeast. In the latter locality the greater 
thickness is likely due to more rapid, or to less interrupted sub- 
sidence. On the west it is, at least in part, due to the gradual 
encroachment westward of the muds. Eventually however the 
conditions of mud deposit held sway over the entire region and 
far beyond. The sea was not deep, and the muds were swept in 
by currents moving toward the southwest. Subsidence was con- 
siderable, so that several hundred feet of shales accumulated in 


nearly all parts of the region, and in some portions a much greater 
thickness. 
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This submergence apparently completely overswept the old 
Adirondack island, and that for the first time in its Paleozoic 
history, with the possible exception of the latter part of the 
Trenton. The whole of New York State would seem to have been 
submerged and that for the last time in its geologic history. 


\ 


Later Paleozoic changes of level | 


Toward the close of Utica time subsidence became again inter- 
rupted and an upward movement was initiated. It was first 
felt on the northeast, bringing the northern Adirondack region 
again above the sea, and it has in the main remained a land area 
from that time to the present. The movement of elevation pro- 
gressed to the south and west till all of eastern New York had 
been brought above sea level. From this time on the oscillations 
of the southern and western borders of the present Adirondack 
region now admitted the sea to unknown distances on the flanks 
of the region, now again excluded it. Thus the Medina, Clinton 
and Helderberg seas of the Siluric and Devonic quite cer- 
tainly overlapped the margin of the region to some extent, and 
later Devyonic seas may well have done likewise. The district 
was near the shore line of those seas, alternately received deposit 
and experienced wear as the position of the shore line fluctuated. 
The truncated edges of the deposits of those seas now come to 
daylight to the south of the Mohawk valley in successive order 
of deposit, their formerly existing extensions northward having 
been worn away. Hence, while it is obvious that they formerly 
extended considerably north of their present limits, the amount 
of such extent is purely a conjectural matter. 

While the sea border was hugging the south and west sides 
of the region, the remainder was out of water and so continued 
with the possible exception of the submergence of a Champlain 
valley strip during Helderberg time. Such a submergence is very 
probable, but the amount of area so depressed is purely con- 
jectural, the deposits of the time having utterly disappeared, 
owing to subsequent erosion. This is, so far as known, the only 
time that any portion of the northern Adirondack region has 
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been beneath the sea since the close of the Utica, except for a 
submergence of the Champlain valley in very recent times. In 
all likelihood it was a depression of a channel, rather than of a 
wide area. 
Paleozoic disturbances 
Aside from the repeated oscillations of level in the region during 
Cambric and Siluric times, which have just been outlined, there 
were periods of more considerable disturbance. Following Utica 
deposition and uplift there came such a time. Compression 
acting from the east effected the elevation of the Taconic range 
with some folding and fracturing of the rocks, and in a minor 
way the Adirondack region was affected. Again toward the close 
of the Paleozoic the stresses which produced the folding and uplift 
-of the Appalachian region must have been felt in this region also. 
Not unlikely there were other times of lesser stress. The effects 
produced on the rocks of the region during these various times 
were the same in kind, and, though the sum total of all can be 
recognized, the relative amount to be ascribed to each period can 
not be ascertained. The main results were the production of faults 
and joints in the rocks... Minor undulations, or folds, were also 
produced, but these are relatively insignificant and entirely sub- 
sidiary to the other effects. The eastern Adirondack region by 
no means felt the full force of either disturbance, and in the west 
the effect was much less than in the east. The major line of both 
disturbances swerves round, and approaches the region most 
nearly at its southeast corner. 


*A fault is produced by a sliding movement of the rocks on opposite 
sides of a fissure, with the re- 
sult that the same rock stratum 
is higher on one side than on 
the other, as illustrated in the 
accompanying diagram. The 
stratum AA has been dropped 
on the right side of the fault 
relative to its position on the left side. The distance ac, measured along 
the fault plane, is called its displacement, the vertical distance adv, that 
separates the two ends of the stratum, is called the throw, and the hori- 
zontal distance bc is the heave of the fault. 
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The main faults of the region run across it with a general 


- ‘D.DL.e-8.S.w. course, but they curve repeatedly, and a given fault 


seldom holds a given direction for any great distance. In nearly 
all cases the dropped block is on the east, and the raised block 
on the west side of the fault plane. The resulting topography 
must have consisted of relatively narrow platforms terminated 
westward by cliffs of varying hight, depending on the throw of 
the fault concerned, rising to the level of the next platform 
above, the whole with a general n.n.e.-s.s.w. trend. Thus seems 
to have been produced for the first time the considerable and 
rather abrupt difference in level between the Adirondack region 
and the Champlain valley. The eastern Adirondack region 
was thus given a considerable elevation, with a rapid, steplike 
fall to the eastward and a gentler and steadier slope to the west. 

Some few of the faults downthrow to the west instead of the 
east, producing between such a fault and the next easterly throw- 
ing fault to the westward a depressed block or valley with steep 
inclosing walls on both sides. 

In addition to the main faults are a multitude of minor ones 
grading down to the merest slight slipping along the joint planes. 
Many of these are cross faults of considerable magnitude, making 
large angles with the main ones, and cutting up the main plat- 
forms into a series of segments at various levels. 

It is likely that most of these faults date from the time of the 
Appalachian uplift of the late Paleozoic. A beginning may have 
been made by the Taconic disturbance. 


Paleozoic igneous activity 


Initiated possibly by the disturbances which effected the eleva- 
tion of the Taconic mountain range, though more likely of late 
Carboniferous date, came renewed igneous action. Here again all 
traces of surface volcanic action, if there was such, have been 
removed by subsequent wear, and the only signs of the activity 
which remain are the old, lava-filled channels of ascent, the dikes, 
together with a few larger masses, which paused before reaching 
the surface and crowded out a place for themselves by squeezing 
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laterally between the rock layers, and bodily raising the overlying 
rock. Here again we find two sharply contrasted sorts of lava, 
one light colored and difficult to render thoroughly fluid, the other 
black and fusing at a much lower temperature. Here again the 
black rock is much the more abundant and with wider distribu- 
tion. But here such evidence as there is shows that the black rocks 
were the first, instead of the last to appear, as in the case of the 
late Precambric dikes. 

In New York these rocks are confined to the near vicinity of 
Lake Champlain, in Essex and Clinton counties. Apparently the 
Adirondack region was on the extreme edge of the district 
affected. 

In the Mohawk valley and westward, occasional dikes are found 
of a very different character from those along Lake Champlain, 
which are perhaps younger than they are and represent intrusions 
from a different source. They are so few in number and so scat- 
tered that they indicate only a trifling amount of igneous activity. 
If there can be said to be any well marked center of action at all, 
it was about Syracuse. If there were any surface yolcanos, they 
must have been few and small. 


Paleozoic erosion 


Throughout the latter part of the Paleozoic the Adirondack 
region was a land area, and, if the assumption that a considerable 
amount of the faulting of the region dates from the time of the 
Taconic disturbance be correct, this land area had a considerable 
elevation on the east and northeast, diminishing gradually to the 
west and south, with the Champlain valley outlined as a result 
of the faulting. The time involved is great, several millions of 
years at least, and a large amount of erosion must have been 
accomplished, specially on the more elevated areas. The cover 
of paleozoic deposits must have been swept away over a consider- 
able portion of the interior region, where it was thinnest, and the 
general surface much evened by erosion. So far it has been found 
impossible to separate this erosion interval from that which fol- 
lowed, so far as results are concerned. All of the surface left by 
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the former seems to have been removed later, and it can be simply 
inferred that much wear took place. In all probability the great 
Appalachian disturbance, near the close of the Paleozoic, must f 
have been strongly felt, causing renewed movement along the fault 
planes provided they were in existence, and a considerable 
increase in the altitude of the region. 


Mesozoic history 


During early Mesozoic times there were disturbances of consider- 
able amount in the eastern part of the country, whose effects may 
well have been felt in the Adirondack region. A subsidence of long, 
narrow troughs, parallel to the general trend of the Appalachians, 
took place; deposits accumulated in these troughs, often to very 
considerable thickness ; large quantities of quite fluid igneous rock 
ascended from below, in part reaching the surface as great flows, 
in part thrusting a way between layers of the accumulated sedi- 
ments as interbedded sheets; faulting on a large scale followed, 
breaking up the surface into a great mosaic of fault blocks. It is 
quite possible, nay probable, that further movements took place 
along the Adirondack faults at this time, and additional faults 
may have formed. It is also possible that, because of downfault- 
ing, deposits may have accumulated in the Champlain and upper 
Hudson valley troughs. Evidence has recently been forthcoming 
of volcanic action, probably of this date, on the immediate south- 
east margin of the Adirondack region, and the future may bring 
to light similar evidence elsewhere. 

However this may be, the further faulting would have produced 
additional elevation of the Adirondacks with increased altitude 
above the Champlain valley, and inaugurated another period of 
active erosion tending toward a new and lower base level. On the 
mosaic fault blocks of the valley the amount of possible erosion 
would largely depend on relative altitudes, and great variation in 
the amount is to be noted on adjacent blocks, Potsdam, Beekman- 
town, Chazy, Trenton and Utica rocks, even Precambric as well, 
all being found as surface rocks near the lake level today, often 
in close proximity. Where Utica rocks are at the surface, the 
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total amount of wear since Utica time has been exceedingly small, 
and the surface must have been for much of the time near base 
level. Moreover, such blocks were the most downfaulted of all 
“and must have formed depressed basins with every period of 
renewed faulting, as such receiving deposit from the surrounding 
higher blocks as these were worn down, thus protecting their own 
surfaces from wear for long intervals. 

This erosion interval was so protracted, extending through the 
greater part of Mesozoic time, that the whole region was finally 
planed down to a surface of little relief, broad shallow valleys and 
low divides, with occasional low, rounded hills or clump of hills 
where extraresistant rocks occurred, or where favorable location 
prevented maximum wear. The fault cliffs, or scarps, were en- 
tirely wiped out as topographic features, the raised side being 
worn down to the same level as the dropped. 

In the southern and western Adirondack region this old sur- 
face is still recognizable, as the upland surface into which the 
present valleys are cut, the old residual hills rising above it now 
as they then did. The present plateau upland of southeastern 
New York would seem to represent a continuation southward 
of this same old surface; and, if this be the case, the result in the 
Adirondacks was simply a local development of conditions which 
prevailed widely in the eastern United States at this time. 


Cenozoic history 


This long period of quiet wear was terminated by another uplift, 
which would seem to have occurred at the close of Mesozoic, or the 
beginning of Cenozoic time. This uplift inaugurated another ero- 
sion cycle with a much lower base level. In the Adirondack 
region this uplift was, at least for the northern part of the dis- 
trict, of a dome-shaped character, the major axis of the dome 
being along a nearly north-south line closely coinciding with the 
line between Clinton and Franklin counties, thence turning south- 
westward; the minor axis running through the extreme south of 
Franklin county and thence eastward through Essex. In the 
eastern Adirondacks this uplift was complicated by further shift- 


ing along the fault planes, bringing fault cliffs, or scarps, again 
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into prominence as topographic features; reelevating anew the 
eastern region as contrasted with the Champlain valley, and re- 
producing the comparatively rapid, steplike drop from one to the 
other; and breaking up the old, comparatively even erosion sur- 
face into a jumble of disconnected blocks at various altitudes. 
Hence the present ridge and hilltops appear at all sorts of dis- 
cordant elevations, instead of exhibiting the concordance in alti- 
tude which is such a characteristic feature on the south and west, 
where there was little or no faulting. 

Not far to the west of the main axis of uplift lies a central 
depressed belt whose ridge summits fall far short of attaining 
the elevations along that axis, and much short of attaining those 
to the west. These differences are most accentuated through 
Franklin county, and the belt seems to have originated as a de- 
pressed, or dropped fault block, between the eastern and western 
uplifted areas. Whether it originated at this time, or dates back 
to a previous period of faulting, with renewal of its previous 
features at this date, can not be told. 

The region remained at the new altitude given by the uplift 
for a sufficiently long time (the greater part of the Cenozoic) to 
permit of erosion giving it approximately its present relief. 
Stream valleys were cut down to'the new base level and on the 
average sufficiently widened, so that one half of the region (at 
a rough approximation) was cut down well toward that level, 
the remainder forming interstream ridges and hills whose sum- 
mits have been lowered little below the altitude given them by 
the uplift. The streams had become adjusted to the rock struc- 
ture of the region during the previous cycles of erosion, so that 
they coincided with, and their attack was mainly felt on, the 
weaker belts. In the heart of the region, where Precambric 
rocks are at the surface, the weaker rocks are the Grenville lime- 
stones and associated sedimentary gneisses. Wherever these 
rocks occurred in belts of,any extent, they would locate the line 
of a stream valley, whose width would be rudely proportional 
to the breadth of the belt. The remaining common rocks of the 
region are much more resistant and with no great variation among 
themselves in this respect, so that they present little compara- 
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tive inducement to valley-making, and the principal remaining 
lines of weakness are structural, lines of faulting and of repeated 
jointing. The main joint directions vary somewhat in different 
parts of the region, but there is always an important set with 
a direction approaching parallelism with that of the main faults, 
and many of the main valleys of the region have this trend, this 
being specially noteworthy in the eastern district where faulting 
has been most pronounced. 

Because of the dome-shaped character of the uplift, the tend- 
ency has been to locate the main watershed of the region at its 
apex, with a radial arrangement of the main streams with respect 
to it. Moreover, since the sides of the dome have a slightly 
greater slope than the graded slope of the streams, the valleys are 
cut to greater depth in the heart of the region than on its flanks. 
The vertical distance between the old and new base levels is 
greatest there. 

When we pass to the Paleozoic rocks which everywhere sur- 
round the region, dipping slightly away from it, the stream 
adjustments necessarily differ, owing to the different character 
and arrangements of the rocks, which lie with their exposed edges 
parallel to the border of the region. The original radial streams 
flowed across these beds, but the tributaries which developed to 
these radial streams flowed along them and would develop 
mainly on the softer belts. With successive uplifts of the region, 
these adjusted streams would be more advantageously situated 
than many of the radial streams, and would increase in size at 
their expense, converting them into tributaries. This process 
has had much to do with the production, on all sides of the 
region of main drainage valleys parallel with its sides, though 
by no means the only factor involved. 


Glacial history 
This long erosion period was terminated by the great change 
in conditions which ushered in the Glacial period. The long and 
complicated history of the region during Glacial times is but 
imperfectly known. It was well within the field of action of the 
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great Labrador ice sheet for a long time. From analogy with 
other regions it may be inferred that there was more than one 
advance and retreat of ice sheets over the district, but how 
many and how extensive are purely conjectural matters for the 
immediate region. The last ice advance destroyed, for the most 
part, the traces of the presence of its predecessors. 

Coming down on the region from the north and northeast, the 
Labrador ice sheet had its advance opposed by the elevated mass 
of the Adirondacks and was forced aside by it into two great 
ice streams which worked their way around the region. The one 
advanced up the St Lawrence valley and turned south along the 
west side of the Adirondacks, and thus reached and entered the 
Mohawk valley from the west; the other moved south through 
the Champlain valley, reaching the Mohawk at the east end. As 
the ice increased in thickness, it encroached more and more on 
the flanks of the region till finally it overswept the whole, and 
persisted in this condition for a long time. While the basal cur- 
rents of the ice continued to be controlled by the topography, 
the main mass swept over the region in a general southwesterly 
direction. Ultimately changing conditions brought about reces- 
sion. The thickness was least over the highlands, and the ice 
would first disappear there, leaving the two great currents sweep- 
ing round the region, as they did during the advance. These 
slowly dwindled and disappeared northerly. 

The final disappearance of the ice left the topography modified 
both by glacial wear and glacial deposit, but with its larger 
features little changed. Ridge slopes were smoothed, summits 
rounded, valleys clogged with deposit, lakes produced either by 
inequality of deposit or by local excessive downward erosion, 
stream courses more or less modified, a host of minor changes 
much altering the appearance of the region. 


Postglacial history 
During the continuance of glaciation changes in altitude took 
place, and at the time of final melting away of the ice from the 
St Lawrence valley the elevation was much less than at the 
beginning of glaciation, was in fact sufficiently low to enable the 
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sea-to run up the valley into Lake Ontario and to invade the Cham- 
plain valley also, producing a huge, branching estuary. In these 
waters marine sands and clays were deposited, and, though un- 
- consolidated, these still remain in considerable bulk, their marine 
origin distinctly shown by the marine fossils which they contain. 

Gradual elevation of the region since, greatest at the northeast, 
and amounting to about 600 feet at the lower end of Lake Cham- 
plain, has brought the region above sea level and shrunk the 
St Lawrence estuary to its modern proportions. This upward 
movement is probably still in progress. 

But a few thousand years have passed since the ice disappeared. 
Erosion has made but little progress in obliterating its traces 
except along the immediate stream valleys. Since the streams 
have been more or less shifted from their preglacial courses, 
they have been obliged to recarve their valleys in whole or in part, 
and they are actively at work at this task. The steady rise of 
the land in postglacial times has given them a steadily lowering 
base level, and, though they have cleared away much of the glacial 
deposit from their paths, the amount of rock cutting done is not 
great. 

THE ROCKS 
Precambric rocks 

While in many parts of the Adirondacks areas of varying size 

are found in which the rocks that occur may be unhesitatingly 


classed as Grenville sediments or as later igneous intrusions, over - 


much of the district this is not the case, but an intimate admix- 
ture of various rocks is found, in apparently hopeless confusion. 
Thus we find Grenville sediments elaborately interbanded with 
other rocks, apparently igneous, yet seemingly conformable with 
them as an integral part of the series. We also find rocks which 
are not to be distinguished in appearance or in composition from 
the rocks of the great intrusions, except for perhaps a more 
thoroughly gneissoid character, and yet so interwoven with other 
rocks, so far as yet known not represented in the great intrusions, 
that it hardly seems possible that the two can belong together. 
There are also considerable areas of gneisses which are quite like 
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the uncertain gneisses involved often with the Grenville rocks, 
yet without any Grenville admixture, and the relationship of such 
rocks forms a very difficult problem. The Grenville belts and 
patches and the areas occupied by the later igneous intrusions 
have been in the main discovered and mapped. There yet remains 
the exceedingly difficult problem of the separation of these mixed 
belts into their several elements, and the working out of their 
affiliations. This is likely in many cases to prove impossible, and 
in nearly all cases the amount of intermingling is so great as to 
render attempts at detailed mapping of the several elements futile, 
and to require their designation as belts of mixed rocks. 

Grenville rocks. The most characteristic of these are the lime- 
stones. They are always thoroughly, and usually coarsely crys- 
talline marbles, which even when purest contain scales of 
graphite. They vary greatly in purity and usually contain green 
and white pyroxenes, apatite, phlogopite, quartz and scapolite, 
often in large quantity. In the thick beds these are more apt to 
be concentrated in the outer portions, in fact the limestone often 
grades into a pyroxene quartz rock, with or without scapolite, or 
else into a nearly pure pyroxene rock. Some beds of apparently 
pure limestone are found to contain a large quantity of white 
pyroxene, and when this has altered to serpentine, as it tends to 
do, the white and green mottled, calcite serpentine rock known 
as ophicalcite results. 

There is always found associated with the limestones a series of 
curious schists and gneisses, often found also where no limestone 
is present, which are difficult to describe, owing to their many 
phases, but which are easy of recognition and are as characteristic 
of the series as are the limestones. They vary from exceedingly 
quartzose to quite basic rocks. Garnet, graphite, sillimanite, 
pyrite and white pyroxene are very frequent and characteristic 
minerals. Many of the beds, specially those which contain pyrite, 
weather readily to a peculiar, rusty looking rock, seemingly much 
more altered than is actually the case. Many others are exceed- 
ingly quartzose, so much so as strongly to resemble quartzites, but 
these are found to contain usually much alkali feldspar, rocks that 
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contain more than 75% of quartz being uncommon. Locally re- 
crystallization has produced very coarse grained varieties of these 
rocks, the quartz appearing in large sheets and bunches. But 
such are usually interbanded with layers in which much pyroxene 
is associated with the quartz. 

Garnet is often a very abundant mineral in these rocks, though 
more abundant in the more feldspathic varieties than in those 
purely quartzose. Graphite is more apt to appear in the rusty- 
weathering gneisses. In certain beds garnet becomes the predomi- 
nant mineral, but these make small bulk in the series as a whole. 
Sillimanite is also found mainly in the quartzose gneisses, per- 
haps specially in those rich in garnet. At times it is only spar- 
ingly present as microscopic inclusions in the quartz, at other 
times it becomes quite abundant and is in larger needles. 

In the more basic gneisses pyroxene is usually the most abund- 
ant dark mineral, though biotite and phlogopite micas are also 
frequent, some very micaceous bands occurring. Aside from fre- 
quent narrow bands of amphibolite, hornblende is a relatively rare 
mineral in the Grenville rocks. These amphibolites may be sedi- 
mentary, but seem to the writer more likely to represent original 
igneous dikes or sheets intruded into the series. Since, however, 
there is considerable variation in their appearance and make-up, 
they may be partly of one origin and partly of the other. 

These Grenville rocks have the composition of sandstone, shales 
and limestones and their intergradations, and have a wholly dif- 
ferent mineralogy from any known igneous rocks, whether meta- 
morphosed or not. Under metamorphism they seem to have 
wholly recrystallized and to have been greatly stretched in one 
direction, giving rise to the foliation, and drawing out such igne- 
ous rocks as had been intruded into them into parallel bands with 
a foliation in common with them. The limestones were the most 
plastic of the beds under metamorphism, and, where the rocks 
have been most compressed, have often been so Squeezed as to com- 
port themselves much like igneous rocks, pressing into fractures 
in, and inclosing a number of fragments of, the more brittle inclos- 


ing rocks, producing combinations which have a strong external 
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' resemblance to conglomerates. To a minor degree the same sort 


of thing is shown in the gneisses, two adjacent bands of different 
brittleness showing the more brittle ruptured and the other 
squeezed into the break. This has often happened to the basic 
bands in the acid gneisses for example. On a yet smaller scale it 
is often shown among the various minerals of a single rock. 

Along the eastern border of Franklin county, extending north- 
ward for a few miles from Franklin Falls, are considerable 
masses of a coarse, rusty brown rock which consists of little else 
than quartz and microperthite feldspar. The quartz is in flattened 
lenses or spindles up to an inch or two in length, all with the 
same orientation, and surrounded by a mosaic of microperthite. 
The belt adjoins a belt of Grenville rocks which includes lime- 
stones; and Kemp interprets the rock as a recrystallized and 
squeezed conglomerate.1 While this view may be the correct one, 
it is desired to call attention to the fact that the belt is also 
in close association with a mass of augite-syenite belonging to 
the later eruptive series, that much of this rock possesses the 
same spindle quartz, and that much of it consists of little else 
than feldspar and quartz. The resemblance is so close that the 
writer’s disposition has been to refer the rock to these syenites, 
as a somewhat aberrant member, and this alternative view is 
thought worthy of record. 

In nearly all exposures of the Grenville rocks there is found 
an admixture of red, gray and black gneisses which have the 
composition of igneous rocks, granites, syenites, diorites and 
gabbros and are thought to be such in a much metamorphosed 


condition, though for the most part they have lost all trace of 


the structures and textures of such rocks and possess an evenly 
granular texture, due to thorough crushing or granulation of 
their minerals, accompanied by a certain amount of recrystal- 
lization. They now form red, orthoclase gneisses, amphibolites, 
and gray to black, granular gabbroic gneisses. They are usually 
so involved and interbanded with the sedimentaries as to appear 
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bedded and like an integral part of the series. But their com-— 
position and character seem to point to the igneous origin of a 
large part, if not the whole, and they likely represent dikes, 
sheets and small- intrusive masses, somewhat later than the 
sediments, . 

All these rocks are often cut by rusty looking amphibolite 
dikes which cut across the foliation, and represent somewhat 
later intrusions, likely of diabase, but so old and profoundly 
altered as to present little resemblance to the original rock 
except in composition. 

These gneisses are further cut by yet later granites and gab- 
bros, rocks which have not been so profoundly metamorphosed, 
but which still retain sufficient traces of their original structures 
as to render their origin certain. The finding of these is quite 
what should be expected, since all younger igneous rocks must 
have cut their way through these gneisses in working their way 
toward the surface. 

At the present day the Grenville rocks are found in numerous 
long, narrow belts around the borders of the Adirondacks, but 
mostly only in small, disconnected patches in the heart of the 
region. The reasons for this will appear later, but in a word it 
seems due in large measure to the greater amount of erosion 
which the Precambric rocks have undergone in the latter situa- 
tion. The belts are larger and more numerous on the south and 
west sides, and are infrequent on the north, except at the extreme 
northwest. Kemp has emphasized the greater abundance of lime- 
stone in the belts on the west and the greater quantity of quartzose 
gneisses on the east. In the large way this is the case, though 
both rocks are found in each locality. Both are also found in 
the scattered patches which extend through the heart of the 
region. 

The base and summit of the Grenville are both unknown, and 
the thickness of the series is therefore purely a matter of guess- 
work. The rocks were deposited all over the region, but erosion 
has removed all but the present belts and patches. The lack of 
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summit to the series is therefore what would naturally be ex- 
pected, and it may be legitimately argued that the thickness must 
have been very great, since so great an amount of rock has been 
worn away. It is by no means meant to imply that these rocks 
formed the whole mass of what has been removed, but it is 
thought that they must have constituted a respectable percentage 
of it. Even the remaining fragments indicate a very considerable 
thickness for the formation. 

The nondiscovery of the base is not so easily accounted for. 
It is a water-deposited formation and must have been laid down 
on some floor, and it would naturally be expected that some 
evidence of what this floor was would be forthcoming. But the 
great metamorphism which has destroyed the old rock structures 
and given them a common foliation, the inextricable intermingling 
of igneous rocks with the Grenville sediments, and the later 
great igneous invasions from beneath have so disguised the rock 
relationships as to make it very likely that the base of the Gren- 
ville will never be satisfactorily made out in the region. 

Doubtful gneisses (“ Saranac” formation). In the portions of 
the Adirondack region with which the writer is familiar the only 
large body of gneiss which is practically free from all Grenville 


’ admixture and at the same time seems to have no connection 


with the later igneous intrusions, is found in a belt running 
through northern Clinton and Franklin counties, adjoining the 
Potsdam boundary. It is not utterly free from Grenville rocks, 
since a few small patches of these do occur, though unfortunately 
exposures which disclose the relations between the two nowhere 
appear. The presence of these few small patches in the great 
body of gneiss furnishes one of the main arguments for the dis- 
tinction between the two, since it is unlikely that the distinctive 
Grenville rocks would be present in such slight quantity were the 
gneisses affiliated with them, that is, were either sediments or 
were igneous rocks of Grenville age. 

These gneisses are prevailingly red, acid gneisses whose usual 
feldspar is orthoclase (or microperthite or microcline), and which 
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have the composition of granites. They vary much in coarse- 
ness from place to place and from band to band, ranging from — 


finely and evenly granular varieties (which are the prevailing 


ones) to those which are quite coarsely crystalline. An alkali 
feldspar (microperthite, microcline or orthoclase in order of 
abundance) and quartz are the prevailing minerals, magnetite — 
is always present, and usually hornblende in small amount as 
well. Biotite sometimes occurs instead of hornblende or together. 
with it. The coarser gneisses often show traces of cataclastic 
structure, larger individuals, usually of feldspar, being sur- 
rounded by a granular mosaic which seems to have resulted, at 
least in part, from the crushing of the larger individuals. The 
fine grained varieties have the character of this mosaic through- 
out, the larger individuals being absent, so that, though they are 
likely akin to the coarser rocks, being simply more thoroughly 
granulated representatives, due perhaps to original finer grain, 
it is impossible to be certain that this is the case. 

Along with these red gneisses, often interbanded with them 
with seeming regularity, often found in large masses, are two 
other kinds of gneiss of common occurrence. Like the red gneiss, 
they show many variations in composition and appearance, and 
also show a rude foliation, usually parallel to the banding. The 
more abundant sort is usually gray in color and consists essenti- 
ally of pyroxene and feldspar, both plagioclase and orthoclase. 
The pyroxene may be either augite or hypersthene (or enstatite) , 
or both, augite being the more frequent. The usual augite is a 
deep emerald green and shows pleochroism from green to yellow 
green, resembling aegirine augite. Magnetite is always present 
and sometimes a little hornblende and biotite as well. Either 
orthoclase or plagioclase may be in excess and either may be 
present to the exclusion of the other. The plagioclase is usually 
oligoclase but sometimes andesin. These rocks usually show an 
evenly granulated or granulitic structure quite like that of the 
fine grained red gneisses, but how much this is due to granula- 
tion, or to recrystallization, or may even be original, can not be 
determined. 
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The other gneisses are black and consist essentially of feldspar 
and hornblende, with or without pyroxene, in other words, they 
are amphibolites. They have often a massive appearance and 
are in general more abundant where the gray gneisses are scarce 
or absent. The feldspar may be plagioclase or orthoclase or 
both, but the former much predominates, and is usually ande- 
sin or oligoclase. Pyroxene seldom equals the hornblende in 
quantity and is often absent. The rocks seldom show any traces 
of crushing but seem to have largely recrystallized. 

These rocks often occur in thick bands or masses, often in 
thinner masses interbanded with red gneiss, and very similar rocks 
are often found in thin bands or bunches in the red gneiss. 
The latter may be either segregations or inclusions, it being 
usually impossible to determine which. Very similar rocks are 
also found as dikes cutting the red gneiss. These usually have 
a more rusty appearance than the ordinary rock and may be 
either offshoots from it or may represent a different and later 
rock. 

These amphibolites are often found involved with red, granitic 
gneisses which cut them intrusively, both cutting across the folia- 
tion and sending a multitude of thin sheets into the amphibolite 
along the foliation planes, producing a red and black gneiss 
[pl. 1]. In such case the amphibolite is clearly the older, but 
in all such the question arises whether the granite is merely a 
phase of the ordinary red gneiss, or whether it is a different and 
younger rock. Since in nearly all cases these granites are not 
so foliated as the red gneiss, but retain distinct traces of igneous 
textures, often abundantly, it is thought that they are likely 
younger and not to be classed with it. Among other localities 
such granites are widely shown around St Regis Falls in Franklin 
county. 

Nearly all, if not all, of these doubtful gneisses seem to have the 
composition of igneous rocks, though the question can not be fully 
decided without a large amount of chemical work. The gray 
gneisses are perhaps the most questionable in this respect. There 
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is.a range in composition from granites through syenites and 
diorites to gabbros, all intermediate gradations appearing. If 
there be any rocks exposed in the region which are older than the 
Grenville rocks, they are found here. Unmixed with Grenville 
rocks, they extend along the Potsdam boundary on the north side 
of the Adirondacks for a distance of 70 miles. Nowhere else in 
the region is a belt of such length known, though there may prove 
to be one of even greater dimensions in the little studied south- 
western area. Smyth has shown that a great, unbroken extent 
of gneisses occurs there, but these may prove in large part to 
belong with the later intrusions. Grenville gneisses may be also 
found more abundantly than yet appears, when the region is 
covered in more detail. Such gneisses are abundant north from 
Little Falls, though no limestones occur. 

These gneisses present just such an igneous complex as is found 
in all parts of the earth’s surface where these very old rocks are 
exposed, which are thought by many to repreSent the original 
cooled crust of the earth, or rather its downward extension. 
There is much to be said in favor of this view, though it can by 
no means be held to be fully established. The main difficulty of 
its adoption so far as these special rocks are concerned is that 
very Similar, or identical, gneisses are found either interbanded 
with the Grenville rocks or else cutting them intrusively, as has 
already been noted. If the two are not identical, it should be 
possible to demonstrate differences between them, and the future 
may show this possibility. If they are identical, the only pos- 
sible way in which they could represent the floor on which the 
Grenville rocks were laid down would be to hold that in many 
places, after the deposition of the Grenville rocks, these under- 
lying rocks had been rendered plastic by heat and compression 
and had thus comported themselves as igneous rocks. The 
difficulties against this view are great, and the whole question is 
a most perplexing one. 

To the northward in Canada there are great stretches of country 
occupied by similar rocks, and the name “ Ottawa gneiss ” is there 
given to the formation. Uncertainty as to the equivalency of the 
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two led the writer, some years since, to propose the name “ Danne- 
mora formation,” from Dannemora mountain in Clinton county 
for these gneisses of the northern Adirondacks, the name to serve 
unless equivalency with the Ottawa gneiss can be shown, in which 
case that name should be adopted. Since, however, possible con- 
fusion with a noted Scandinavian locality may result, the name 
Saranac formation is suggested to replace it. The rocks are well 
exposed along the river of that name, in Clinton county, and in 
its near vicinity. 

Anorthosite. This was the first of the somewhat later, great 
igneous intrusions which invaded the rocks already described 
from below, breaking them up, pushing them aside or raising them 
on its back, and inclosing great horses of them in many places. 
The fact that it has not been so excessively metamorphosed as 
the previous rocks is indicative that it is. considerably younger 
than they, as is the further fact that its character indicates that 
it solidified at considerable depth, and that therefore the Gren- 
ville sediments must have become buried under a considerable 
thickness of later deposits, since worn away, before the intrusion 
took place. 

The Adirondack anorthosite is found principally in one great 
connected mass, seemingly one single intrusion, though this may 
not be the case, occupying a great area in Essex and southern 
Franklin counties, of rudely triangular shape with indented base 
and blunted apex, the base at the north. The base is some 55 
miles across, and the hight of the triangle some 40 miles, the 
area of country involved being some 1200 square miles at a rude 
approximation. Occasional small areas of other rocks, in pant 
Grenville or doubtful gneisses, in part later intrusives, are found 
within it, but, mostly, it extends unbroken throughout. The in- 
clusions, or horses, of various gneisses are most numerous near 
the borders of the mass, and some great tongues of the outlying 
rocks project into it. There are also a few outlying masses, 
mostly of very small size, the Rand hill mass in Clinton county, 
which has an area of some 4 square miles, being perhaps as large 
as any. These may represent independent smaller intrusions, but 


304 NEW YORK STATE MUSEUM 


more likely are simply outliers of the main mass, connected with 
it not far underground. The present areal distribution of the rock 
merely gives its extent in the plane in which the present erosion 
surface cuts it. Since this surface is irregular, we have some 
slight idea of the thickness of the mass, the higher mountain 
peaks furnishing vertical sections of over 3000 feet. But the 
amount which has already been removed by erosion can be but 
vaguely estimated, and the extent of the mass in depth is wholly 
problematic. Any estimates of the original bulk of the mass can 
be nothing but pure conjectures, except that it can safely be said 
that it was vast. 

Mineralogy. These rocks are composed mainly, and sometimes 
wholly, of basic plagioclase feldspar, usually labradorite but some- 
times bytownite or anorthite. They are eruptives of ihe gabbro 
family extra rich in feldspar, which forms from 90¢ to 100¢ of the 
whole rock throughout most of its extent. The minerals next in 
abundance are augite and ilmenite (or titaniferous magnetite), 
followed by hypersthene. Minute apatites are usually present. 
In the many differing phases which the rock presents, several other 
minerals creep in, the more common of which are hornblende, 
biotite, garnet, microperthite, quartz, oligoclase and a sulfuret, 
either pyrite, chalcopyrite or pyrrhotite. These are the original 
minerals of the rock except where they are due to recrystallization 
consequent on metamorphism. Subsequent alteration has locally 
produced other minerals, notably zoisite, epidote, chlorite, scapo- 
lite and muscovite, and surface decay has formed yet others, 

The feldspar is usually labradorite, twinning striations showing 
plainly on fresh cleavage surfaces. The thin section usually shows 
it to be full of minute, rodlike inclusions, all with parallel ar- 
rangement, of some opaque mineral, likely ilmenite. These are 
likely responsible for the usual dark blue color of the mineral, and 
probably for the occasional iridescence, in greenish blue colors, as 
well. This is by no means so frequent or so well displayed as in 
the Labrador and Norway anorthosites, but is a common phenome- 
non in the region. 
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The other minerals call for no special comment. An augite 
which is light green in thin section, ig next in abundance to the 
feldspar. Orthorhombic pyroxene is in general not so prominent. 
It is usually hypersthene but sometimes bronzite. Ilmenite 
always occurs with these, but in the normal anorthosite all these 
are in small quantity, constituting ordinarily less than 5% of the’ 
rock. 

Texture. The original anorthosite must have been extremely 
coarsely crystalline, and likely coarsely porphyritic. Under meta- 
morphism the rock has been granulated in varying-degree, here 
but little, leaving the rock still 
very coarsely crystalline, there 
excessively, producing a finely 
granular rock, all intermediate 
gradations between the two be- 
ing found. In the coarser rocks 
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from 2 to 5 inches in length and 
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often showing straining and 


Bending as a result of meta- 
morphism. The granular feld- 


Spar is lighter colored and in Fig.1 Drawing of a portion of a hand 
specimen of anorthosite gabbro from near 


thin section does not show the  Keeseville, showing a large labradorite 
erystal which has been broken into several 


: : 17 pieces, these being forced apart and granu- 
opaque rods which characterize lated around their edges and the gaps 


. oie ie filed by granulated material, the rock 
the other. It has plainly OY121-  yemaining firm and tough throughout. 


The black mineral is ilmenite, and the 


nated from the crushing, in dotted is granular garnet. The uniform 
cleavage and twinning of the fragments 


whole or part, of the large feld- ee crystal demonstrate their 
spars, crushing under such 
great load of overlying materials as to cause the rock to remain 
firm and resistant during the entire process; in fact, the granu- 
lated rock is often stronger than the other.’ 

Differentiation. As the borders of the anorthosite are ap- 


proached, the rock invariably shows some variation in character, 


1For detailed descriptions of these textures, see Adams, IF. D. Geol. Sur. 
Can. An, Rep’t. v.8. ptJ. p.103-15. 
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the usual one being that the pyroxenes and ilmenite increase in 
amount and come to constitute from 15¢ to 35% of the rock, 
which thus tends to approach gabbro in character. It is, how- 
ever, much too feldspathic for normal gabbro and may well be 
called anorthosite gabbro, since it represents a distinct inter- 
mediate stage. With this mineralogic change there is always 
found an accompanying change in texture, the rock becoming 
always less coarsely crystalline, the big feldspars diminishing in 
both number and size and the amount of granular mosaic increas- 
ing. The rock also becomes more gneissoid. In this phase garnet 
is sure to creep in, often in considerable quantity. It develops 
in the main at the contacts between ilmenite and feldspar, the 
one furnishing the iron, and the other the lime, alumina and 
silica which enter into its formation. Garnets may form in this 
way, either during the original cooling of the rock or owing to 
subsequent metamorphism, and it is usually impossible to say, 
in these anorthosites, whether they are to be referred to the one 
or the other, or to both methods of formation. 

It is not meant to imply that changes of this sort occur only 
as the edge of the mass is neared, but rather to point out that 
they do uniformly occur under those conditions. But the same 
rock is often produced well within the anorthosite mass by local 
differentiation. It is in fact but a more extreme differentiation 
of the same sort that gives rise to the local development of great 
masses of titaniferous magnetite such as occur about Lake San- 
ford in Essex county and have been described in detail by Kemp. 

This anorthosite gabbro forms the greater part of the boundary 
of the Franklin county portion of the anorthosite mass. But on 
the south a yet greater change takes place, and the anorthosite 
gabbro passes over into a dark colored gabbro gneiss. This rock 
has not yet been seen in fresh condition, and hence has not re- 
ceived the thorough investigation that its interest and importance 
demand. The change is of the same sort as that involved in the 
passage of anorthosite into anorthosite gabbro, but is more ex- 


7U. S. Geol. Sur. 19th An. Rep’t, pt 5, p.8838—422. 
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treme. As has been seen, that consists (1) in a change in com- 
position due to increasing amount of pyroxenes and ilmenite with 
corresponding diminution of feldspar and the appearance of gar- 
net in quantity; (2) in a change in texture, the rock becoming 
less coarsely crystalline and the large feldspars diminishing in 
frequency and size, with increase in the amount of granulated 
material; and (3) in the rock becoming more prominently foliated 
with concentration of the dark minerals along the cleavage planes. 
In this further change the dark minerals come to form 50% or 
more of the rock; the large feldspars become constantly smaller 
and less frequent up to complete disappearance; and the rock 
becomes eventually a finely granular, well foliated, dark gneiss. 
The change from the anorthosite into this rock is gradual, and 
the relationship unmistakable; yet to an observer first coming on 
the rock from without the anorthosite area, such a relationship 
would seem most improbable. This gneiss is just as clearly 
a border differentiation product of the anorthosite gabbro as that 
is of the anorthosite, a differentiation produced in the molten mass 
after it had reached its present resting place and while cooling. 
It is however impossible to say why this further differentiation 
has taken place only on this one side of the mass instead of rather 
uniformly about the whole, as is the case with the anorthosite 
gabbro. 

Surrounding rocks. The Franklin county anorthosite is bor- 
dered by all sorts of rocks, both Grenville and doubtful gneisses 
and later igneous rocks. That it is younger than the Grenville 
and some of the doubtful gneisses is definitely established by 
(1) the fact that masses of varying size are found inclosed in 
the anorthosite; (2) by the fact that the few contacts exposed 
show the anorthosite cutting them and sending tongues into them ; 
and (3) by the fact that, where no contacts are exposed, the anor- 
thosite can be shown to cut out the other rocks along their strike. 
The later date of certain igneous rocks, shortly to be described, 
is mainly deduced from the finding of dikes of what are thought’ 
to be identical rocks which cut the anorthosite. So far as the 
actual dikes are concerned, there can be no question of their later 
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date; the uncertainty connected with the matter arises from the 
fact that in no case has it so far been possible to trace these dikes 
to any connection with the near-by larger masses, of which they 
are thought to represent offshoots, so that the correlation between 
the two depends merely on rock similarity. At the one or two 
exposed contacts it seems quite certain that the anorthosite is 
the older rock, but here again there is some question as to the 
actual identity of the rock which cuts it. 

At two localities near the anorthosite boundary, border rocks 
have been discovered which, instead of exhibiting the ordinary 
change to anorthosite gabbro, disclose a gradation toward syenite. 
Such have only been noted in localities where the anorthosite is 
bordered by a syenite which is thought to be younger, and the 
rock represents a transition stage between the two, though much 
closer to anorthosite than to syenite. The precise significance of 
these rocks is not known, the field exposures not being sufficient 
to give any idea of the relationships to the two rocks, and, since 
the presence of an intermediate rock of this sort can be accounted 
for in several ways, and gives no evidence as to the relative age 
of the other rocks, speculation on the subject is of no value, in 
the lack of corroborative field evidence. 

Anorthosite outliers. In the northern Adirondacks there are 
two considerable anorthosite outliers in Clinton county and two 
very sinall ones in Franklin county. Not unlikely other small 
ones will be discovered when tthe region is mapped in detail, work 
of this sort on the Long Lake sheet of the new topographic maps 
during the past season having first brought to light the two 
Franklin county outliers mentioned above. Kemp has mapped 
several on the south in Mssex and Warren counties. 

The two Clinton county outliers are those at Keeseville and 
Rand hill. The former is not strictly an outlier but rather a 
tonguelike offshoot from the main mass, the connection being 
bared by erosion. As in all the outliers, the rock here exhibits 
the characters of the border portions of the main mass rather than 


of its center, in other words is anorthosite gabbro, not so coarse 


grained as, but more gneissoid than the usual rock, with from 
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10% to 25% of minerals other than feldspar. Much of it is very 


gneissoid and finely granular, with great development of garnet. 
Elsewhere it becomes tolerably coarse with frequent, often very 
large feldspars remaining. It varies very rapidly in character 


from place to place, so that practically all varieties of the rock 


may be collected within a small area. This, together with the 
accessibility of the locality and the frequent exposures, make it a 
magnificent collecting ground. 

The Rand hill rock departs somewhat from the ordinary type 
and is a most interesting rock. It is mostly thoroughly gneissoid 
and with no feldspar augen, these only appearing in quantity at 


. the northern edge of the exposures. Since this is the more likely 


condition of the central part of the mass, and sinve further ex- 
posures in this direction are cut off by the overlying Potsdam 
sandstone, it is probable that the rock extends considerably far- 
ther northward under the Potsdam covering. 

The most important difference between this rock and the usual 
anorthosite gabbro consists in the constant presence of quartz in 


‘considerable amount, forming from 5% to 104 of the rock. Another 


difference is found in the comparatively large amount of apatite 
present, the average of the rock holding ‘from 3% to 5% of this 
mineral and the amount not infrequently rising to 10%. Aside 
from these the minerals are those of the usual anorthosite gabbro, 
though the minerals other than labradorite form from 30% to 85% 
of the rock. 

The primary minerals which have been noted in the rock are feld- 
spar (usually labradorite), augite, quartz, hornblende, hypersthene, 
apatite, ilmenite, zircon, pyrite, pyrrhotite and titanite. Secondary 
minerals are garnet, hornblende, biotite and quartz. There are 
other minerals present which have resulted from surface altera- 
tion of the foregoing, but they are the usual decomposition 
products formed under such circumstances. The order of crys- 
tallization was the usual one, first the zircon and apatite followed 
by the iron ores, then the hypersthene, augite and hornblende, 
then the feldspar and finally the quartz. The periods of forma- 
tion of the pyroxenes and feldspar largely overlap. Augite is 
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much more abundant than hypersthene. There is great variation 
in the relative amounts of augite and primary hornblende, and 
sometimes the latter preponderates.* 

The two outliers in Franklin county are very small, each only a 
few square rods in extent. The one is about 6, the other some 8 
miles distant from the edge of the main mass. Considering their 
small size, they ‘are rather surprisingly coarse, that is, on the 
hypothesis that they were intruded into the surrounding rocks, 
yet much of the rock is very gneissoid. In the one case the sur- 
rounding rocks are thought to be later eruptives, the observed 
contacts seeming to bear out that view, so that the anorthosite is 
in the nature of a huge inclusion in these eruptives. But there 
are some difficulties in the way of this interpretation, and, till 
the material is more thoroughly studied, it can not be positively 
stated that it is the true one. 

About the other outlier there are no exposed contacts with the 
surrounding rocks, which are gneisses of uncertain nature and 
origin, and the relations between the two are wholly uncertain. 

At Rand hill magnificent contacts of the anorthosite gabbro 
with gneisses thought to belong to the Dannemora formation, are 
shown and definitely prove the anorthosite to be the younger rock. 

Whiteface type of anorthosite. This name has been proposed 
by Professor Kemp for a peculiar type of rock, rather uncommon 
in the Adirondack region, which reaches a considerable develop- 
ment on, and in the vicinity of. Mt Whiteface. The main mass 
of the rock is in Essex county, but it gets over the border into 
Franklin at Franklin Falls, and into Clinton county on Wilming- 
ton and Catamount mountains. In both of these situations it 
becomes much involved with other rocks, and about Franklin 
Falls it often appears so interbanded with Grenville rocks as 
to seem like an integral part of the series. 

The rock has the mineralogy of anorthosite, or rather of 
anorthosite gabbro, though quite a different-looking rock from 
the ordinary types. It is mostly quite thoroughly gneissoid and 
characterized by the color of the feldspar, which is milky white, 
even when perfectly fresh and unaltered. In the writer’s exper- 


‘For a more detailed description of this rock, see 19th An. Rep’t N. Y. 
State Geol. p.r52—-r59. 
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ience with the ordinary Adirondack anorthosites, white feldspar 
is rare and where occurring is due to local alteration, which is 
distinctly not the case in these “ Whiteface” rocks. These are 
also much richer in hornblende and pyroxene than the ordinary 
anorthosites, though nearly pure feldspathic types have some 
small local development, as for example near the bridge at 
Franklin Falls. They differ also in the prevailing very eneissoid 
character, but occasional feldspar augen do occur and sometimes 
reach considerable number and size. A single hand specimen of 
the feldspathic rock from Franklin Falls which lies before me, 
shows three such augen which are more than an inch in length, 
besides several smaller ones. The structure is plainly cataclas- 
tic in these less gneissoid types. 

The slides from the Clinton and Franklin county rocks show a 
general predominance of hornblende over pyroxene, though both 
occur in considerable amount. The pyroxene is a deep green 
augite, no hypersthene having been noted. [he feldspar is 
mostly labradorite, as indicated by maximum extinctions of from 
22° to 27° in the different slides. They show marked strain 
phenomena, such as undulatory extinction, bent twinning lamel- 
lae, and wedge-shaped or pinched out twinning lamellae. There 
is always some untwinned feldspar present, which is however 
thought to be labradorite. The accompanying minerals are the 
same as in the usual anorthosite, iron ores, zircon, apatite, 
titanite, garnet, and sometimes a little quartz, usually as a by- 
product of the garnet formation. The mineralogy of the rock, 
the local cataclastic structure, and the fact that it occurs in a 
considerable mass, surrounded on all sides by other rocks, seem 
to point to its igneous nature. The apparent interbanding with 
Grenville rocks at the edge of the mass gives that portion a 
sedimentary look, but all the other igneous rocks of the district 
show similar phenomena at their borders, and it would seem 
that the clues to the origin of these rocks must be sought in the 
least changed, most massive portions, rather than in their 
peripheral phases where metamorphism has been most exces- 
sive. The rock is therefore regarded as igneous and as belong- 
ing to the later intrusives. Its localized distribution would 
seem to indicate that it represents a separate intrusion rather 
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than a local peculiar phase of the general anorthosite mass, but, 
so far as the writer is aware, no definite evidence has been 
forthcoming concerning the time relations of the two rocks. 

The syenites. In many parts of the Adirondack region there 
are found considerable areas of igneous rocks of greenish gray 
color and fairly uniform character, which have considerable 
resemblance to some phases of the anorthosite and were till 
comparatively recently confounded with them. In their normal f 
phases they are readily recognized, but they show variation both | 
in composition and in degree of foliation, giving rise to varieties 
from one or both of these causes which are difficult of recogni- 
tion. Originally they possessed nothing like the coarsely 
crystalline character of the anorthosites and hence, even where 
least metamorphosed, the amount of granulated material is 
very large, and the uncrushed feldspar remnants are infrequent 
and of small size. Like the anorthosite, they become finer 
grained and more gneissoid near their borders, passing over into 
granular gneisses; and these become intricately involved with 
the bordering rocks, the whole forming a tangled complex which 
is exceedingly difficult to unravel. 

Though grayish green on freshly fractured surfaces, these 
rocks undergo rapid color changes on exposure, so that the 
normal color is only to be seen in recent rock cuts. On slight 
exposure it changes to a more pronounced green, then passes 
over to a yellowish or brownish green, and longer exposure 
changes the whole mass to a rusty brown [pl. 2]. Even freshly 
stripped, glaciated surfaces show the latter color, though in 
them it is often only skin deep. In the majority of exposures 
only the rusty brown rock can be collected, though residual 
green spots may often be noted. The cause of the color changes 
is not manifest, thin sections of specimens of all the varieties 
except the rusty brown showing all the constituent minerals in 
perfectly fresh condition; and even the latter is often so fresh as 
to show little alteration in any of the minerals except the 
hypersthene. 

These rocks are predominantly feldspathic though not so 
markedly so as are the anorthosites. Because of their original 
finer grain, they are mostly quite gneissoid, and feldspar augen 
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are practically absent over considerable areas, and, where they 
do occur, are mostly few and small. Yet such rocks are re- 
peatedly found shading locally into others with much less ap- 
parent gneissoid structure, with feldspar augen quite frequent 
and with definite cataclastic structure; rocks whose original 
igneous textures are sufficiently well preserved to show their 
origin beyond a doubt. 

In some cases, notably at Little Falls and Middleville in Herki- 
mer county, where outliers of these rocks occur and where the 
augen are bigger and more numerous than at any other known 
localities, the rock seems to have originally been rather coarsely 
porphyritic. But for most of the rock in the region this does not 
seem to have been true. 

Mineral composition. At the type locality, Loon lake, the rock 
is a quartzose augite syenite, and, since this is the prevailing 
character over much of the region, the description of the type 
will serve well for a general description of the rock. 

In the Loon lake rock microperthite and oligoclase feldspars, 
augite and hypersthene (or bronzite), hornblende, magnetite, 
quartz, garnet, apatite and zircon are always present, and 
locally biotite, titanite, pyrite and allanite appear in addition. 
The rock is essentially composed of microperthite, augite and 
hypersthene, with quartz, oligoclase and garnet always present 
in varying and usually slight amount. 

The feldspar is mostly microperthite. A little plagioclase 
always appears and seems universally to be oligoclase. Most of 
the plagioclase present is intergrown with orthoclase in the 
microperthite, and the chemical analysis indicates that this must 
be albite. The feldspar is usually perfectly fresh and contains 
to some extent minute, dustlike inclusions, as well as including 
small zircons, apatites and titanites and occasionally small 
augites and quartzes also. Orthoclase is only present as a con- 
stituent of the microperthite. 

Both augite and hypersthene are usually present, the former 
mostly predominating. Parallel growths of the two frequently 
occur, often of repeated fine lamellae, the contact faces being as 
usual. The augite is deep green in thin section, quite like the 


green of the hypersthene. 
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Garnet occurs only sporadically and then always corrosion zone 
fashion, between the magnetite and feldspar. But little horn- 
blende is found in the Loon lake rock. 

In the type rock quartz occurs only sparingly, though quite 
quartzose varieties occur in the immediate vicinity. It is mainly 
in rather coarse, elongated spindles or lenses. It is also found as 
small inclusions in the feldspar, sometimes rather numerously and 
with a tendency to the production of micrographic growths. 

The rock has a cataclastie structure, ranging from rather coarse 
varieties to those which are thoroughly gneissoid, and the granu- 
lation pretty complete. In other words, it shows the same 
variations in texture which the anorthosites exhibit, except for 
the lack of the very coarse varieties.t 

Variability of the syenite. While this description will answer 
for the usual rock in many places, it shows great variability. On 
the one hand, the amount of quartz varies widely, rocks which 
contain as much as 204% of it being not at all uncommon. Increase 
in quartz is commonly accompanied by decrease in the amount of 
pyroxene and hornblende present, and hence by disappearance of 
well marked foliation, it being replaced by a linear structure due 
to the spindle form of the quartzes and their parallel alinement. 
This structure is quite characteristic of some of the igneous rocks 
of the region. This quartzose variety is usually coarsely granular 
and seems to weather even more rapidly than the ordinary rock, 
so that it is very difficult to obtain in fresh condition, and usually 
only the rusty brown rock can be found. It is the great similarity 
of this variety, which caw be traced into the normal rock through 
all gradations, to the brown, quartzose gneiss north of Franklin 
Falls which Kemp regards as a possible Grenville conglomerate 
and which has already been referred to, that causes the writer’s 
hesitation in accepting that origin for the rock. It may be also 
added that, whereas this Franklin Falls rock is adjoined by Gren- 
ville sediments on one side, it is also adjoined by augite syenite 
on the other, so that areally the connection with one sort of rock 
is no closer than with the other. 

Another common yariation in the rock is brought about by 
changes in the relative amounts of pyroxene and hornblende. In 


1¥or a more detailed description of these rocks, see Geol. Soc, Am. Bul. 
10 :177-82, 
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the ordinary rocks the pyroxenes much predominate, but these 
shade into rocks in which the reverse is true, the hornblende in- 
creasing up to complete exclusion of the pyroxenes. With this 
increase in hornblende biotite always appears in the rock, this 
mineral being usually lacking in the pyroxenic varieties. Further, 
the more quartzose varieties are more apt to be those with pre- 
dominating hornblende, though this is by no means a general rule. 

Patreme variations. Besides these minor changes in character, . 
more extreme variations of these rocks occur, on the one hand 
into granitic, on the other into gabbroic rocks, variations which 
can however be traced into the ordinary rock step by step. 

The most striking instance of a change of this sort which has 
received careful description is found in Smyth’s account of the 
Idiana syenite belt.1 At the time when this paper was written 
the svenites had not been differentiated from the anorthosites and 
gabbros, and the rock was described as a variety of gabbro, and 
its variations as variations of a gabbro mass. Smyth’s descrip- 
tion, however, shows that he clearly apprehended the differences 
between the rock and ordinary gabbro, and he distinctly states its 
svenitic character, and moreover in a later publication wholly 
withdraws the rock from the gabbro class.2_ Unfortunately this 
has not been apprehended by the several writers who have had 
occasion to refer to this important paper, and the special varia- 
tion into a red gneiss which will be shortly described is referred 
to as a variation of gabbro into red gneiss. The truth is that 
no such variation of gabbro is known in the region, while varia- 
tions of the syenite into red, granitic gneisses are the rule rather 
than the exception. 

The special interest attaching to this Diana syenite arises from 
the clearly exhibited differentiation of the gray, feldspathic syen- 


ite into a dark colored rock of gabbroic appearance. The miner- 


als are the same in both and are practically the same as in the 
Loon lake rock, but the pyroxene and hornblende are in much 
larger quantity in the dark rock, constituting from one third to 
one half of the whole, while they appear in but scant amount 
in the ordinary syenite at Diana. At the same time plagioclase 
increases in amount at the expense of the microperthite, and 


1Geol. Soc. Am. Bul. 6: 271-83. 
2N. Y. State Geol. 17th An. Rep’t. p.472. 
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quartz diminishes, but it does not disappear, and the plagioclase 
remains acid, albite toe oligoclase, instead of the labradorite of 
the gabbros. The affiliations of the rock therefore remain with 
the syenite, and it does not become a true gabbro. Chemical 
investigation brings out the same features, as will be later 
shown. 

Of equal interest is the passage of this syenite into a red 
gneiss. In one direction the passage is into a finely granular red 
gneiss, which Smyth states to differ from the main rock only in 
a more complete granulation of the constituents, the formation of 
a little hematite, which causes the color change to red, and an 
increase in the amount of quartz. In another direction the tran- 
sition is into a coarser red gneiss which contains a conspicuous 
amount of hornblende. 

Besides these important evidences of great variation in the 
syenite mass, the Diana area is noteworthy in yet another respect. 
It borders a long belt of Grenville rocks for several miles; and 
Smyth has presented in great detail the perfectly clear evidence 
that it cuts the Grenville rocks intrusively, since it contains 
abundant inclusions of them, and since it cuts them out along 
the strike. These relations are here shown in greater perfection 
than in any other locality so far described in the Adirondack 
region, and seem to the writer to show not only that the syenite 
is younger than the Grenville rocks, but also that it is considerably 
younger. The less severe metamorphism which it has suffered, as 
evinced by the considerable extent to which it retains original 
textures which definitely show its igneous character, when com- 
pared with the completely crushed and recrystallized condition of 
the Grenville sediments and associated igneous gneisses, as well as 
with much of the Saranac gneiss, would seem to demonstrate 
this clearly, and to show that, so far as age is concerned, their 
condition of metamorphism would require their classification with 
the anorthosites, rather than with the Grenville and Dannemora 
rocks, 

Other syenite areas. So far as the Adirondack region has been 
studied, these syenites seem to be more abundant and important 
rocks in Franklin county than elsewhere, though it is possible 
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that future work will show that this is not the case. There are 
several considerable masses of the rock in this county, the chief 
ones being the Loon lake, Tupper lake, Saranac river, Duane and 
Salmon river areas. They all show very similar rocks, and all 
run into mixed rocks at their boundaries, that is, gneisses which 
seem referable to the syenite are inextricably involved with other 
rocks of all sorts, so much so as utterly to defy mapping except 
on an unwarrantably large scale. The Saranac river mass gets 
over the border into Essex county, and there are some small 
masses of the rock in Clinton county, notably in Black Brook 
township. Kemp has noted the presence of much similar rock in 
Essex, Warren and Washington counties, though here usually 
very gneissoid and so much involved with other rocks as to render 
it somewhat uncertain whether it is of the same age as the Frank- 
lin rocks or not. Undoubtedly much of the rock will be found in 
Hamilton and Herkimer counties when these shall have been more 
carefully investigated. The work of both Kemp and Smyth in 
these counties indicates the presence of a considerable quantity 
of this rock, though mostly in small masses, so that the gneissoid 
border phases, involved with other gneisses, are the usual types 
found. 

Special reference may be made to the Little Falls syenite in 
Herkimer. The coarse syenite of the Precambric outliers at 
Little Falls and Middleville is very similar and wholly uncon- 
taminated with other rocks except for a few cutting dikes. They 
seem quite certainly parts of the same mass whose extent is con- 
cealed by the rocks of the Paleozoic cover. To the northward is 
a large area of a very gneissoid syenite, much involved with other 
gneisses mostly of Grenville age, so much so as to defy attempts 
to fix the relationships of the two, but forming a complex very 
like that around many of the belts. 

A further special interest attaching to the Little Falls syenite 
arises from its plainly shown gradation into a gabbroic-looking 
rock which is very similar to the corresponding rock at Diana and 
represents a variation of precisely the same gort.! 

In one of the cuts at Loon lake is an apparent inclusion of 


Grenville rocks in the syenite, which is by no means so decisive 


1 For details see N. Y. State Geol. 20th An. Rep’t. p.r85-192. 
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as to the age relations as are the Diana exposures, but which. 
nevertheless presents some interesting features, as indicated by 
the accompanying section [fig. 2]. The augite syenite constitutes 
the center and south end of the section. It is more thoroughly 
- granular ‘and gneissoid than in the neighboring exposures. Sep- 
arating the two syenite areas is a mass of banded gneiss 12 feet 
in thickness [pl. 3]. Above is a 2 foot layer of a white, gran- 
ular rock composed of quartz and white pyroxene in the propor- 
tion of 1 to 2. This is followed by layers of black pyroxene 
granulite and light colored quartzose rocks, the latter consisting 
essentially of quartz and alkali feldspars in the proportions of 2 
to 1. The structure and composition indicate the sedimentary 
origin, and identical gneisses are found elsewhere in intimate 
association with limestones. The section is cut at but a small : 
angle with the strike, and but one of the contacts is exposed. | 
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Fig. 2 Section in railroad cut near Loon lake, N. Y. A, augite-syenite. B, well 
banded quartzose gneisses. C, quartzose gneisses. D, biotitic sheared strip—strike 
north 10 degrees west. Dip of bedding and foliation 65 degrees to the west. 


This is parallel to the foliation and bedding and appears like a 
shear zone, marked by abundant development of biotite. Beyond 
this middle mass of syenite fine grained, red, granitic gneisses 
come in; which are likely igneous but quite like rocks often closely 
associated with the Grenville. The contacts of this rock with the 
syenite are not exposed. All the rocks have a common foliation, 
which is also parallel to the banding of the banded gneiss. 

While the field relations are mot well shown, the fact that the 
syenite extends unbroken for some distance on all sides of the 
exposure, and that no Grenville rocks are elsewhere exposed, 
makes it evident that we are dealing with but a small mass of 
these rocks wholly surrounded by syenite and hence of the nature 
of an inclosure init. Many examples of precisely similar nature 
may be cited from the areas occupied by the great intrusions. 

Relations of syenite and anorthosite. Just as the Diana syenite 
belt, because of juxtaposition to a considerable area of the Gren- 
ville rocks, has furnished conclusive proofs of the age relations 


Plate 3 


Banded gneiss included in augite-syenite. The hammer is at the contact 
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of the two, so the evidence of age relations between syenite and 
anorthosite must be sought from those masses of the syenite which 
adjoin anorthosite. The only two such masses in the north- 
ern Adirondacks, aside from the small anorthosite outlier in Litch- 
field park, Franklin county, are the Tupper lake and Saranac river 
syenites. Each of these has furnished some evidence. 

A long cut on the Saranac branch of the New York Central and 
Hudson River Railroad near Colby pond exposes an apparent dike 
of a gabbroic-looking rock some 30 feet in width, in the midst of 
the anorthosite gabbro of the cut. The dike shows a heavy black- 
‘ish rock, darker colored and finer grained than the anorthosite 
gabbro. The thin section shows that its affiliations are with the 
syenites, and that it is quite like the gabbroic phase of the Diana 
syenite. It holds some 35% to 40% of minerals other than feldspar, 
these being augite, hypersthene, hornblende, biotite, garnet, mag- 
netite and quartz (with small amounts of zircon, apatite, titanite 
and pyrite). The feldspar is entirely of intergrowth types, fine 
microperthitic or micrographic intergrowths of orthoclase and 
albite (or oligoclase). Quartz makes some 5¢ of the rock. The 
nature of the feldspar makes reference of the rock to gabbro im- 
possible, yet it looks exceedingly like the ordinary dark gabbros 
of the region and is very difficult to tell from them in the field. 

The west wall of the dike is well shown and is sharp, so that 
there seems no doubt that it actually is a dike. The igneous 
nature of the rock is beyond question. 

Since the anorthosites grade at times at their borders into gab- 
broic gneisses which positively can not be distinguished from these 
gabbroid syenites in the field, it is evident that boundary mapping 
is attended with considerable hazard in districts where the two 
rocks adjoin and both show this differentiation. 

A similar dike, 8 feet wide, is found cutting anorthosite in a 
railroad cut 314, miles west of Saranac Inn station. The main 
difference between the two rocks is that in this dike the feldspar, 
instead of consisting entirely of intergrowth types, as in the pre- 
vious case, shows quite a considerable percentage of andesin, 
though the microperthite largely predominates. The rock is by 
no means so distinctly a syenite as in the previous case, but is 
rather an intermediate rock. 
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Three miles north of the depot at Tupper lake there is a small 
rock cut in a gabbroic-looking rock, somewhat more feldspathic 
than the rock of the two dikes, but very similar nevertheless and 
plainly closely related to them. It contains some 30% of dark 
minerals, and its feldspar is all of intergrowth types. Its field 
relations are with the syenite as a border phase, though it is 
close to the anorthosite boundary, and both its mineralogy and 
its chemical analysis show it to be a somewhat basic syenite. 

In a cut a mile farther north anorthosite gabbro appears 
which shows rather frequent labradorite augen, but whose 
granular feldspars are andesin and microperthite in about 
equal quantity. In other words, the rock is an anorthosite with 
syenitic tendencies. 

About halfway between Tupper Lake village and Wawbeek an 
interesting glaciated rock surface is shown by the roadside near 
the town line, exhibiting anorthosite gabbro cut intrusively by 
syenite, not as a single dike but as an invasion in force, wedging 
apart and surrounding great horses of the anorthosite. This 
syenite shows numerous feldspar augen and much more strongly 
resembles the usual syenite than do the preceding rocks. It is 
however more basic than the normal rock, having a considerable 
pyroxene-hornblende-garnet content. Feldspar forms some 75% 
of the rock however and is nearly all microperthite. 

Nearly 1 mile farther east and hence that much farther within 
the anorthosite mass, is a knoll of gabbroid syenite almost pre- 
cisely like the Colby pond dike. Its field relations to the sur- 
rounding anorthosite are not exhibited, though from analogy it 
must be a very large dike or else a small boss. 

The small anorthosite outlier in Litchfield park has been 
already referred to. It is all surrounded by syenite gneisses and 
with good contacts exposed on one side. The rock is much more 
acid than in the previous exposures and yet is not normal 
syenite, though it is an igneous rock, a syenite, and identical 
with what appear as phases of the normal syenite elsewhere. 
It becomes fine grained at the contact, while the anorthosite 
shows no change in grain, and seems quite conclusively the 
younger rock; hence the disposition to regard the anorthosite 
as an inclusion in the other. 
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So far as the writer is aware, these are the only observations: 
so far put on record in the Adirondack region which have any 
bearing on the relative age and relationships of the two rocks, 
syenite and anorthosite1 They definitely show (1) that the 
anorthosite is cut by a basic syenite, which is therefore younger; 
(2) that this basic syenite shows considerable variation from 
place to place and in one exposure bears a strong resemblance to 
the normal syenite; (8) that at times the normal syenite shows 
gradation into a gabbroid phase, best shown at Diana and Tup- 
per lake, which is similar to the rock which cuts the anortho- 
site; and (4) that the anorthosite gabbro itself shows a tendency 
to the production of a similar rock by local differentiation, that 
is, a rock richer in pyroxene-hornblende-garnet content than the 
ordinary anorthosite gabbro, but with oligoclase andesin in- 
stead of labradorite for the feldspar and with the development 
of much microperthite and some quartz in addition; and that 
at least one dike of a like rock occurs cutting anorthosite. But 
it has not yet been demonstrated that the syenite found cutting 
the anorthosite is connected with the main masses, yet such a 
demonstration is necessary in order to definitely prove the 
younger age of the latter. It may be argued however that dikes 
from a syenite mass would draw their material from its 
peripheral portions, and, if any differentiation had previously 
taken place, would naturally be more basic than the main mass. 
The Diana case proves that such differentiation has taken place 
on a considerable scale; it has also taken place at Tupper lake, 
and it is thought that plentiful evidence of the same sort would 
be forthcoming elsewhere, were it not for the general unsatis- 
factory character of the rock outcrops which prevail in the 
woods. It is therefore thought that the evidence strongly 
points to the occurrence of a considerable body of syenite in the 
region which is younger than the anorthosite. The occurrence 
of the syenite in a great number of separate masses renders it 
possible however that there may be some considerable age dif- 
ferences between them. And the fact that in many parts of the 
region there occur numerous small masses of similar rocks and 
some larger ones too, which are thoroughly gneissoid and much 


1For details see N. Y. State Geol., 20th An. Rep’t. p.r25-146. 
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involved with other gneisses, may indicate a greater age for 
these. : 

But the great similarity between the rocks of most of the 
syenite masses seems to point to a close age relationship. The 
gabbroid phase of the syenite would seem, like the gabbroic 
borders of the anorthosite, to be due to differentiation after 
reaching their present situations. The great similarity between 
the two gabbroid rocks, as well as many mineralogic resem- 
blances' between the ordinary anorthosites and syenites, would 
be accounted for on the supposition that both rocks arose from 
the differentiation of a common deep seated magma, the anortho- 
site being erupted first and the syenite following at a somewhat 
later date. Such phenomena as are presented by the syenitic 
phase of the anorthosite, here appearing as a local differentia- 
tion of the ordinary anorthosite, there occurring in dikes cutting 
it, would be explained as, the one due to differentiation in place, 
the other in the magma beneath, with the ascent of a slight 
amount of material at this stage, following closely on the heels 
of the main anorthosite intrusion. 

Granites. Perhaps the most abundant of all rocks in the 
Adirondack region are gneissoid granites and granitic gneisses. 
These are quite certainly of various ages. The granitic gneisses 
associated with the Grenville rocks as well as those which make 
up the bulk of the Saranac formation are unquestionably much 
older than the anorthosite, as shown at contacts and also by 
their occurrence as inclusions in the anorthosite. On the other 
hand dikes of granite are not infrequently found cutting the 
anorthosite, so frequently and over such a wide territory as to 
argue the existence of considerable bodies of this rock whence 
the dikes sprang. They are if anything still more frequent in 
the syenite, in which small granite bosses appear as well. Also 
localities are not uncommon in which two different granites are 
found, the one cutting the other. It seems therefore likely that 
all the granitic rocks of the region may be separated into two 
great groups, an older and a younger, the former very gneissoid 
in character and comprising the granitic content of the Grenville 
and Saranac formations, and the latter much less gneissoid and 
affiliated in age with the later great intrusions. In the latter 
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certainly, and in the former probably, there are granites of 
more than one, perhaps of several different ages. The Grenville — 
and Saranac rocks have been already described. It remains. to 
consider the others. These appear in several forms, some fine 
and some coarse grained, some almost lacking in dark colored 
minerals and others comparatively rich in them, some repre- 
senting well defined types which may be recognized anywhere, 
while others are more indefinite and variable, and all are much 
easier to recognize than to describe. 

Granitic phase of the syenite. In several localities syenite has 
been noted passing into a red, granitic gneiss, as first shown by 
Smyth for the Diana area. In all cases observed the transition 
is gradual, and there can be no doubt of the unity of the two 
rocks. The Tupper lake syenite shows changes of the sort most 
excellently. The color change is gradual and intermediate rocks 
of mottled green and red appearance are not uncommon. Such 
are seen to good advantage in Litchfield park, where the numer- 
ous rock ledges, often blasted, along the carefully constructed 
roadways give exceptional advantages for observation. Quartz 
increases in amount in these rocks while pyroxene commonly dis- 
appears, being replaced by hornblende and biotite, usually in 
respectable amount. No analyses have yet been made of these 
rocks, and it may be that they do not quite reach a sufficient 
degree of acidity to justify their being classed as granites, but it 
seems that in large part they must do so, and they certainly 
represent as great a departure from the normal syenite type in 
one direction as the gabbroic variety does in the other. The 
rock shows the same variations in coarseness and in presence or 
absence of feldspar augen that the ordinary syenite exhibits. 
There is also in some varieties the same tendency of the quartz 
to assume the lens, or spindle form that is seen in the more 
quartzose syenites. 

In going farther south this granitic phase of the syenite gives 
place to an even more distinctly granitic gneiss, or rather gneis- 
soid granite, in which frequent patchy outcrops of both ordinary 
syenite and its granitic phase occur, and this rock extends out 
beyond the limits of the district which the writer has studied. dee 
exposures have not been so situated as to permit of precise 
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determination of the relations between the two, and the writer is 
in doubt concerning them. But whether this is the same rock or 
a different granite, it is so like the other in appearance and in 
amount of metamorphism, being mostly fairly coarse and with 
numerous feldspar augen, that there can be little doubt of the 
close relationship of the two rocks, and it may be safely stated 
that the two, if distinct, have arisen from the same parent magma 
and are not far separate in time. It is simply a question whether 
differentiation has taken place where the rocks now lie or has 
taken place beneath. 

Running northeast from Litchfield park are two big rock ridges, 
pitching northwardly with gentle slopes, but breaking down in 
tremendous cliffs on the southwest, which are constituted of a 
reddish, coarsely gneissoid rock, grading locally into green patches 
of unmistakable syenite, which the field relations and the thin 
sections show to be nothing but an extra acid phase of the syenite 
[pl. 17]. The rock approaches granite but is not as decisively 
granitic as the previous rocks. It is however another instance 
of the passage of the syenite into a granitic rock, and the special 
interest which attaches to it comes from the fact that it is sur- 
rounded on all sides by ordinary syenite and hence seems clearly 
a central, acid differentiation of a syenite mass. 

Occasional local reddish gneisses appear in the syenite of some- 
what different nature from the foregoing, and in these the color 
change is not accompanied by much increase in acidity. A case 
of the sort is met in the section at Little Falls, the rock in question 
being a syenite full of feldspar augen, which has locally been so 
mashed and stretched that the augen have become nearly or 
entirely crushed, the product being a granular red feldspar which 
has been squeezed out into flat lenses, often tailing out into the 
rock as thin sheets of considerable extent. In some of these a 
bit of uncrushed feldspar still remains, and all stages between 
this extra mashed condition and the ordinary rock can be observed, 
so that there can be no question of the origin of the granular red 
feldspar; the origin of the color change is not manifest however, 
Since the augen themselves are by no means red. Furthermore, 
the red color is confined to this portion of the rock, and the re- 
mainder is still of the gray green of the ordinary syenite. It is 
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a precisely similar red gneiss that is found showing the intrusive 
contacts against the anorthosite outlier in Litchfield park, and 
which is regarded as an unquestionable phase of the syenite. The 
rock here however is not so mashed as at Little Falls, many 
augen remaining which are only partially granulated. The color 
change makes it an easy matter to determine just how much 
granular material has been produced from the crushing of each 
large feldspar, and the whole forms a very striking and instruc: 
tive rock. 

Amount of differentiation of the syenite. The field evidence, 
both at Diana and at Tupper lake, seems conclusive that the 
syenite varies into a quite basic, gabbroic-appearing rock on the 
one hand and into red, granitic gneisses on the other, showing 
thus considerably more differentiation in place than the anortho- 
sites exhibit. The writer is also of the opinion that certain mag- 
netite deposits of the region have originated as extra basic 
segregations from the syenite magma, in strict parallelism with 
the similar development of the titaniferous magnetite ore bodies 
of the anorthosite. He has however yet to meet with a case where 
the evidence for this is decisive, so that there is no intention here 
to emphasize this view unduly. 

It is not yet clear whether the differentiation shown by the 
syenite is wholly due to changes in the rock mass itself during 
cooling, after the ordinary manner of such changes in igneous 
rocks, or whether it is in part due to the incorporation in the 
igneous mass of material melted away from the inclosing rocks. 
If the latter process ever takes place on a large scale, we might 
expect to find it here, in connection with these very large, and 
very deep seated igneous masses. The general sharp and clear- 
eut character of the contacts between the intrusives and the 
various rocks which they cut, as well as the corresponding sharp- 
ness of the contacts against the various inclusions of these rocks 
in the intrusives,.does not seem indicative of any incorporation. 
Nor does the character of the border portion of the intrusive mass 
vary from place to place, as it successively cuts rocks of different 
character, as would naturally be expected on this view. Yet it is 
difficult to bring certain features in harmony with the other view. 
The usual result of differentiation is to produce a rudely radial 
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concentric arrangement of the different rock varieties produced, 
usually with the most acid rock in the center and the most basic 
in the peripheral portions of the mass; sometimes however the 
reverse arrangement occurs, the basic rock being the central one.. 
This of course is in the large way, and insignificant local varia- 
tions, such as are specially characteristic of gabbros, are not in 
mind. Now both at Tupper lake and at Diana the gradation into- 
granite appears to be a one-sided one, and with no apparent sign 
of any tendency to concentric arrangement. At Tupper lake the 
gabbroic phases of the syenite, so far as they have been noted, are 
all in the vicinity of the anorthosite, while the gradation into. 
granite is apparently confined to the south side of the mass, and 
other granites appear in force beyond. This is certainly an un- 
usual arrangement, and the cause, though not now manifest, may 
_perhaps be brought out by more detailed work, specially in the 
unexplored country to the south. 

Morris granite. There is one granite in the region which pre- 
sents very definite characters, is generally found only in small 
masses, plainly cuts all the rocks heretofore described and hence: 
is likely the latest granite in the region, and to which for con- 
venience of reference and because of its usual easy recognition it 
seems worth while to give a name. Hence the term “ Morris: 
granite” is suggested for it, because of the considerable exposures: 
which occur cutting the augite syenite on the west slopes of Mt 
Morris, Franklin county. 

The rock is peculiar in that it consists almost wholly of alkali 
feldspar (mostly microperthite) and quartz. There is a trifling 
amount of hornblende and magnetite usually present, and ocea- 
sional minute apatites and zircons, but they seldom form more: 
than 5% of the whole. The feldspar is red in color, usually strongly 
so. The rock presents both coarse and fine grained phases, and it 


is the former which so characteristically marks the rock. The 


quartz is concentrated into long spindles or pencils, or else into- 
long flattened lenses, giving the rock a pronounced linear struc- 
ture; that is, the structure appears gneissoid on fractures parallel 
to the spindles and not at all gneissoid on fractures at right 
angles to them, since here the spindles present their rounded cross 


sections merely. Since the quartz percentage is high, these large: 
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spindles constitute a considerable portion of, and a very charac- 
teristic feature of the rock. Though no analyses have been made, 
the rock is plainly an exceedingly acid one. 

The fine grained phase is however the more common one and is 
not so easy of recognition. It has the same mineral constitution 
as the coarse, but largely or entirely loses the spindle quartz 
character. Intermediate grades however occur. In small dikes 
it becomes a very finely granular, flinty appearing rock, and, 
where such dikes occur isolated, there may be lpr caleg ques- 
tion as to their proper reference. 

The fact that the two are merely phases of the same rock is 
shown at several localities, typically perhaps on the west shore of 
Big Tupper lake between Grindstone and Black bays. Here are 
excellent exposures which show the typical coarse granite cutting 
augite syenite, with the fine grained type produced as a contact 
phase, and constituting only a small proportion of the whole mass 
of the granite. Other exposures show the two in varying pro- 
portion, though as a whole the coarse type is less abundant than 
the fine. 

This Morris granite is the only granitic rock among the later 
intrusives which belongs to this very acid type, and this makes it 
easy of recognition when it is associated with rocks belonging to 
this group, since it is the youngest of them all, with the possible 
exception of some of the gabbros. But gneissoid granites are not 
infrequently found in the region which cut Grenville or Saranac 
rocks and with none of the distinctive later intrusives in the 
vicinity, granites of a very acid type. When these are of the fine 
grained sort, as is usual, it is impossible to tell whether they are 
-of the age of the Morris granite or are much older, older than any 
of the later ‘intrusives. Such granites are quite frequent in the 
region, and have perhaps a specially wide distribution in the 
vicinity of St Regis Falls. It is quite probable that there is more 
than one granite of this character in the region. 

Gabbros. These are mostly black, basic, heavy rocks, and have 
a very widespread distribution, perhaps more so than any of the 
later igneous rocks, but occur mostly in dikes or small masses, 
very seldom in masses of such size as are common with the other 
intrusives. The dikes are without exception fine grained black 
rocks. The central parts of the bosses are much coarser, the 
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characteristic structures of the rock being here easily made out 
with the eye. 

These rocks show much variation from place to place, due im 
part to local differentiation during cooling; in part to mutual 
corrosive effects of adjacent minerals on each other, both during 
the original cooling of the rock and as a result of subsequent 
metamorphism; and in large part to varying severity of meta- 
morphism. Where least metamorphosed, a simple original min- 
eral constitution is usually shown, the rock consisting essentially 
of plagioclase feldspar (usually labradorite), augite and magne- 
tite; to these hyperstliene is frequently to be added, and rarely 
olivine. These primary feldspars and augites invariably hold a 
multitude of minute inclusions, the augite specially containing 
them in such numbers that it would often be impossible to make 
out the color of the mineral were it not for the fact that a nar- 
row outer zone is usually free from them. Nor is the feldspar 
far behind in this respect. The inclusions in the augite are 
mainly opaque and consist probably of magnetite or ilmenite. In 
large part the feldspar inclusions consist of small augites. The 
structure is rather prominently ophitic in most cases, that is, the 
feldspar is in long, lath-shaped crystals, separated by and par- 
tially embedded in the stout augite crystals. 

From the extinction angles shown by the feldspars from various. 
occurrences, it is quite certain that they show a range in com- 
position from andesin to anorthite, with labradorite the prevail- 
ing variety. The augite is of a pale, gray-green shade, nearly 
colorless in thin sections. 

In addition to the foregoing, even the least metamorphosed 
rocks show much granular material, and rocks which consist 
‘mainly or wholly of this, with little or no preservation of the 
original character, are far more common than those of which the 
reverse is true. This granular material is, to some extent, due 


to corrosive interaction of the original minerals of the rock. This. 


is most apt to take place between magnetite and feldspar but also- 
occurs between the pyroxenes and feldspar. In general nothing 
of the sort takes place at pyroxene magnetite contacts. The main 
new minerals produced by this action are garnet and a peculiar 
brown hornblende, with some quartz and often biotite accom- 
panying. These are found arranged zonally between the two 
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reacting minerals and may perhaps have developed during the 
cooling of the rock, since they are found in the least metamor- 
phosed portions, and since such phenomena are known in other 
gabbros which have not been metamorphosed. In this manner are 
formed the well known “ corrosion rims ” which appear in many 
gabbros in all parts of the world. 

In addition to these minerals there appear others in the granu- 
lar condition in all rocks in which there is any trace of meta- 
morphism. These are in the main the same as the original 
minerals of the rock, plagioclase (mostly labradorite), augite, 
hypersthene, and green hornblende. It seems quite certain that 
the material for the formation of these has been derived from the 
original minerals of the rock, and that the process has been one 
of granulation and recrystallization. The newly formed labra- 
dorite and augite are entirely lacking in the multitudinous in- 
clusions which are so characteristic of the original minerals, and 
in virtue of which even the smallest remaining fragments of them 
may be detected. The original minerals may often be seen tailing 
off into granular material, which has evidently formed at their 
expense. But the grains are not mere shattered fragments of the 
larger crystals, but consist of a mixture of all the minerals men- 
tioned above. 

Additional minerals which are usually or occasionally present 
are apatite and titanite frequently, pyrite and pyrrhotite occasion- 
ally, and sometimes a little green spinel (pleonaste). Scapolite 
is sometimes present as an alteration product, and in the gneissoid 
gabbros there is often considerable untwinned feldspar which may 
be orthoclase.? 

Some of the more important localities in the northern Adiron- 
dacks where these rocks occur are as follows: 

In Clinton county at Keeseville, where occasional dikes of the 
gabbro are found cutting the anorthosite gabbro, showing that 
they are younger; at Petersburg, where exposures of a very wide 


4More detailed descriptions of some of these rocks may be found in the 
following papers: 
Kemp, J. F. Am. Jour. Sci. August 1892, p.109-14. 
Geol. Soc. Am, Bul. 5 :213-24. 
Smyth, C. H. jr. Am. Jour. Sci. July 1894, p.54-63. 
Am, Jour. Sci. April 1896, p.273-81. 
— Geol. Soc. Am. Bul.-6 :268-88. 
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dike are found on both sides of the river, showing both the ophitic 
and the granular types of the rock; a small boss on the north- 
west shore of Upper Chateaugay lake, which shows ophitic 
gabbro in the center passing rapidly into an amphibolite gneiss 
on all sides; and a considerable boss not far from the lower end 
of Chazy lake. . These all show portions only slightly metamor- 
phosed and still retaining ophitic structure. There are many 
other places in the county where wholly gneissoid rocks of gabbroic 
make-up occur as dikes and are in all likelihood referable to this 
same group. In Franklin county there is a considerable boss by 
the north branch of the Saranac, 2 miles east of Hunters Home, 
showing a fairly coarse rock with a comparatively unmetamor- 
phosed core; there is another, well shown in cuts along the New 
York & Ottawa Railroad, 2 miles above St Regis Falls, which 
shows beautifully the gradual passage from the unchanged core 
into amphibolite, the latter containing a profusion of enormous 
garnets; and there is another showing along the west shore at 
the upper end of Lower Saranac lake, which is quite a large mass 
and correspondingly coarse, and which must cut the anorthosite, 
since it is surrounded by that rock on all sides, though no con- 
tacts were seen. There are here also numerous smaller masses 
and dikes which are more completely metamorphosed. Kemp 
and Smyth have shown the wide distribution of similar rocks in 
the eastern and western Adirondacks. 

To gabbros of this type, with ophitic structure, the name 
“hyperite ”’ has been applied by Tornebohm. 

In many localities metamorphism has produced an amphibolite 
from these gabbros, instead of the merely granulitic gabbro. In 
these amphibolite phases there is always considerable pyroxene 
in addition to the hornblende, but in the field these are absolutely 
not to be distinguished from the amphibolites associated with the 
various gneisses, and these too often contain pyroxenes. Where 
there is an unmetamorphosed core, the origin and relations are 
evident, otherwise they are wholly obscure. This gradation is 
beautifully shown at the localities on Upper Chateaugay lake 
and along the New York & Ottawa Railroad referred to above. 

The fact that these gabbros are found in dikes cutting the 
anorthosites shows conclusively that they are younger. The 
writer has noted gabbro dikes also cutting the syenite in the Little 
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Falls outlier, and hence younger. But he has so far met with 
no instance of gabbro cutting the syenite masses in the north, nor 
of cutting the distinctly later granites, though many cases are 
known in which granitic gneisses of uncertain age are cut. This, 
together with the fact that there is no evidence to show that the 
syenite at Little Falls is of the same age as that to the north, 
causes hesitation in regard to the relative ages of the sye- 
nite and gabbro there. It is thought to be highly probable how- 
ever that the gabbro is the youngest rock, and that the order of 
appearance of the great intrusions was, first anorthosite, followed 
in order by syenite, granite and gabbro. . 

Chemical analyses. A sufficient number of chemical analyses of 
the rocks of the great intrusions have been made to give a very 
fair idea of their range in composition, and to show their close 
relationship to one another. To date, analyses of the later gran- 
ites wholly fail so far as the writer is aware, and hence the more 
acid members of the group are lacking. But their mineralogy 
indicates a close relationship to, and gradation into the others 
through the medium of the acid syenites, and it may be confidently 
stated that their analyses will fall regularly into the series, and 
show a regular gradation from the acid syenites through ordinary 
granite to the very acid Morris granite. 
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1 Norite, wall rock of titaniferous magnetite deposit, Lincoln pond, Eliza- 
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bethtown, Essex co. Description by J. F. Kemp, analysis by W. F. 
Hillebrand, U. 8. Geol. Sur. 1899. 19th An. Rep*t, pt 3, p.407. 

Gabbro (hyperite). dike near Nicholville, Hopkinton, St Lawrence co. 
Brief mention by H. P. Cushing. 16th An. Rep’t N. Y. State Geol. 
1899. p.22. EE. W. Morley analyst. 

Anorthosite gabbro, Carnes’s quarry, Altona, Clintom co. Description 
by H. P. Cushing, analysis by BE. W. Morley. 19th An. Rep’t N. Y. 
State Geol. 1901. p.r58. 

Anorthosite, summit of Mt Marcy, Keene, Essex co. <A. R. Leeds analyst. 
N. Y. State Mus. 80th An, Rep’t. 1878. . p.92. 

Anorthosite, Keene township, Hssex co. (precise locality not given). 
A. R, Leeds analyst. N. Y. State Mus. 30th An, Rep’t. 1878. 

Anorthosite showing transition to augite syenite, cut by N. Y. C. & H. R. 
R. R. nearly 5 miles north of Tupper Lake Junction, Altamont, Frank- 
lin co. Description by H. P. Cushing, analysis by E. W. Morley. 20th 
An. Rep’t N. Y. State Geol. 1902. p.ré68. 

Gabbro, intermediate between gabbro and augite syenite and occurring 
as a basic phase of the latter; from Natural Bridge, Diana, Lewis co. 


Description and analysis by C. H. Smyth jr. Geol. Soc. Am. Bul. 
6 :274. 
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‘8 Augite syenite from the great intrusion into anorthosite, road from 
Tupper lake to Wawbeek, 14 mile east of Halfway brook, which marks 
the line between townships 22 and 23, Franklin co. Description by 

' Cushing, analysis by Morley. 20th An. Rep’t N. Y. State Geol. 1902. 
p.r69. 

9 Augite syenite, cut by N. Y. C. & H. R. R. R. 8% miles north of Tupper 
Lake Junction and 1 mile from the first anorthosite outcrops, the latter 
being of the transition type, analysis 6; Altamont; Franklin co. 
Description by Cushing, analysis by Morley. 20th An. Rep’t N. Y. 
State Geol. 1902. p.rGd. 

10 Gneiss, referred somewhat doubtfully to augite syenite; occurs involved 
with a later granitic gneiss in the border zone of the augite syenite; 
from cut by N. Y. C. & H. R. R. R. between Piercefield and Childwold, 
and 1 mile from the latter; Hopkinton, St Lawrence co. Description 
by Cushing, analysis by Morley. 20th An. Rep’t N. Y. State Geol. 
1902. - p.r70. 

11 Augite syenite, Loon lake, Franklin co., typical. Description by H. P. 
Cushing, analysis by E. W. Morley. Geol. Soc. Am. Bul. 10 :177-92. 

12 Augite syenite, near Harrisville, Diana, Lewis co.; the gabbroic rock, 
analysis 7, is a differentiation phase of this syenite. Description and 
analysis by C. H. Smyth jr. Geol. Soc. Am. Bul. 6:271-74; and 17th 
An. Rep’t N. Y. State Geol. 1899. p.471-86. 

13 Augite syenite, Little Falls, Herkimer co. Description by Cushing, 
analysis by E. W. Morley. 20th An. Rep’t N. Y. State Geol. 1902. 
p.r69. 

14 Quartz augite syenite, from border zone and accompanied by granite, 
cut by N. Y. & Ottawa R. R. 21%4 miles south of Willis pond, Altamont, 
Franklin co. Description by Cushing, analysis by Morley. 20th An. 
Rep’t N. Y. State Geol. 1902. p.r69. 


Discussion. The gabbros are the most basic rocks of the 
Adirondack eruptive core, except for their own local, iron-rich 


differentiations, which give rise to the titaniferous magnetite ore 


deposits. The two analyses, 1 and 2, represent well their general 
composition and the usual limits of their variation. They are 


quite ordinary gabbros and show no differences worthy of mention 


when compared with most rocks of the sort. 
Unfortunately, with the exception of analysis 3, no analyses are 


available of the transition rocks between the gabbros and the 


anorthosites, such transition rocks occurring at the borders of the 
main anorthosite bodies as well as in smaller, separate masses, 
though the general differentiation of the gabbro and anorthosite 
must be regarded as having taken place below, in the parent 
magma of both. The smaller anorthosite bodies, such as those 


‘near Keeseville and on Rand hill in Clinton county, the latter 
furnishing the rock whose analyses appear in column 3, are very 
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markedly gabbroic. The analysis, however, shows a rock which, 
in its high alumina and rather low iron and magnesia, is much 
closer to anorthosite than to gabbro. It, nevertheless, represents 
an intermediate stage in every single constituent. It was chosen 
for analysis because of its freshness and in spite of the fact that 
it appeared to be the most anorthositic portion of the Rand hill 
body and therefore not a fair representative of its general char- 
acter. The main rock is a more strictly intermediate one, and 
the same thing is true of the Keeseville rock and of much of the 
border of the great anorthosite mass of Franklin county. 

As close a calculation as can be made of the mineral composi- 
tion of the anorthosite gabbro of analysis 3, without analysis of 
the component minerals, indicates some 70% of feldspar, made up 
of orthoclase 7.5¢, albite 29.75¢ and anorthite 32¢. In addition 
there are 11.75% of garnet, 7¢ of augite, 44 of hornblende, 2.5% of 
magnetite and 5¢ of quartz. The free quartz is specially note- 
worthy in so basic a rock, is usually to be found in the anorthosite 
gabbro of the region, and recalls the quartz norites described by 
Kolderup as associated with anorthosite in the Ekersund-Sog- 
gendal district in Norway. For comparative purposes four of his 
analyses are appended. 


1 2 3 4 5 
BIO) ee este nies ad wap n eee eee Gee) CEE GD cee ah Net es pce 
dle Open gisrgtatievesd ketetas alerts rea 28.86 27,15 19.24 923.3 24.45 
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Na,O 4.82 4.58 3.48 3.9 3.49 
K,0 . S4 7 1.09 1.51 LOT. 


1 Anorthosite (labradorit), Ogne, Norway. Kolderup analyst. Die Labra- 
dorfelse des westlichen Norwegens. Bergens museums aarbog. 1896. 
p.20. 

Anorthosite norite (labradoritnorit), Ekersund. Kolderup analyst. p,.20. 

Quartz norite, Soggendal. Kolderup analyst. p.16. 

Quartz norite, Theingsvaag bei Ekersund. Kolderup analyst. 

Anorthosite gabbro, Carnes’s quarry, Rand hill. 


bo 


oR Ww 


p.16. 


It is to be noted that Kolderup’s quartz norites are more 
typical for the rock than the one analyzed from the Adirondacks, 
that approaching anorthosite more closely and being more like his. 


~ 
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_ anorthosite norite in many respects. His quartz norites show 
10% or more of quartz as against the 5¢ of the Rand hill rock. 
But, as has been stated, the larger part of the Rand hill rock is 
more quartzose than the specimen analyzed and would in all 
probability approach his quartz norite very closely. 

The chemical differences between the anorthosite gabbro of 
analysis 3 and the anorthosites of 4 and 5 of the original table 
are slight, 3 showing diminished silica, alumina and soda, and 
increased iron and magnesia; they suffice however to cause a drop 
in the feldspar content from over 90% in the anorthosite to 70% 
in the anorthosite gabbro. In all these anorthositic rocks part 
of the potash is in the labradorite, replacing a certain amount of 
soda. Analyses of this feldspar always show it, and, in calculat- 
ing the rock analyses, it is necessary to assume that part of the 
calculated orthoclase goes with the albite to form labradorite, 
in order to bring about agreement between the computation and 
the observed optical properties of the feldspar. 

The rock analyzed in column 6 has the appearance of an inter- 
mediate rock in the hand specimen, the feldspar augen resem- 
bling labradorite, and being sometimes iridescent, the granular 
portion having the look of augite syenite. Cleavage fragments 
from the augen give extinctions of—5° on 001 and—19° on 010, 
and hence are close to labradorite, Ab, An,. But the granular 
feldspar is in part microperthite, and in part an acid plagioclase. 
The alkali percentage is abnormally high for so basic a rock. 
The total bases bear a very high ratio to the silica and alumina, 
and the considerable alteration of the augite to a chloritic aggre- 
gate renders attempts at calculation of the mineral percentages 
hazardous. The rock is approximately composed of orthoclase 
204, albite 44¢, anorthite 11%, magnetite 47, and the remainder of 
augite and garnet in the ratio of 2 to 1, including a little horn- 
blende, apatite and quartz, the latter only as a by-product of 
garnet formation. In its high alkali percentage and consequent 
feldspars, the rock distinctly approaches the syenites, though its 
silica percentage remains that of the normal anorthosite. 

The gabbro of column 7 is a most interesting rock. Its occur- 
rence with, and as a differentiation product of an augite syenite 
body, of which it must be regarded as a basic phase rather than 
as a true gabbro, and its intermediate position chemically between 
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- augite syenite and gabbro, are very suggestive. Like the inter- 
mediate rock of column 6, it departs most widely from both the 
syenites and the anorthosites in its magnesia percentage, the 
general Adirondack intrusives being abnormally low in that oxid. 
It occupies an intermediate position between syenite and gabbro, 
rather than between syenite and anorthosite, and as such is nearer 
syenite than gabbro chemically. Through the kindness of Profes- 
sor Smyth, the writer is in possession of a slide and specimen of 
this rock. The analysis gives the iron as all in the ferrous con- 
dition, but there is quite a little magnetite in the rock, and a 
rough calculation indicates its approximate composition to be 
21% orthoclase, 36.75% albite, 18.75¢ anorthite,-3¢ magnetite and 
25% augite and hornblende. The feldspar content is quite like 
that of the preceding rock, the augen consisting of labradorite 
and the granular feldspar of microperthite and acid plagioclase. 

The remaining seyen analyses, no. 10 excepted, are all of un- 
mistakable syenite and gave an excellent representation of its 
variation. ‘The ferrous iron percentage is mostly high, and the 
results of some of the analyses tend to throw doubt on the relia- 
bility of the entire series of ferrous iron determinations, and 
hence to greatly complicate attempts to calculate the mineral 
percentages. The two most clearly abnormal results are those 
of analyses 9 and 18. In the former case the result of the fer- 
rous iron determination exactly equaled the total iron in the 
rock, yet the thin section showed considerable magnetite 
present, and a rough separation by means of heavy solutions 
and a bar magnet proved the presence of at least 5% of that 
mineral. In the latter case the total iron present is 3.42%, yet 
the ferrous iron result exceeded 5¢. While only these two were 
on their face erroneous, others, such as nos. 10 and 11, are quite 
suspicious. The disturbing cause can not be pyrite, since there 
is so little of it present that the sulfur percentage does not in 
general reach .01%. It is difficult to see how carbonaceous 
matter other than graphite can be present, and in an igneous 
rock any considerable amount of graphite would be surprising. 
The cause of the vitiation is as yet undetected. 

The only analysis so far made of the augite syenite which 
occurs cutting the anorthosite, analysis 8, indicates that to be 
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somewhat more basic than the usual rock, and this seems to be 
true of all such syenite, so far as can be judged by the thin sec- 
tions. Garnet is much more abundant than in the usual syenite, 
and bronzite is lacking. The analysis indicates a rock composed 
of 24.25% orthoclase, 44.55¢ albite, 5.6% anorthite, 1.7% magnetite, 
5.8% garnet, 14.5% augite and 3¢ quartz. If the ferrous iron be 
too high, and this is possible, though the discrepancy can not be 
great in this case, the magnetite and anorthite percentages 
would be slightly increased and those of augite and quartz 
diminished. Except for a slight amount of acid plagioclase, the 
feldspar is all of the intergrowth types, and cleavage fragments 
from the crushed rock show the optical characters of anortho- 
clase, viz a + 9° extinction on M, with an acute bisectrix in the 
center of the field. 

The rock used for the next analysis, 9, is from near the anorth- 
osite boundary. Ferro-magnesian silicates are more prominent 
than usual, considerable hornblende, augite and garnet being 
present and some bronzite, altogether constituting some 30% of 
the rock. The lower alkalis show the diminished feldspar per- 
centage, but a calculation is rendered impossible by failure of 
the ferrous iron determination. On the basis of 5% of magnetite, 
as indicated by the separation previously mentioned, the calcula- 
tion gives a silica residue amounting to 134 of free quartz, which 
is much too high, there being but little present. The remaining 
analyses require little comment aside from no. 10. No. as 
regarded as giving the closest approximation to the mean com- 
position of the rock and is from the Loon lake type locality. 

The pyroxenes and hornblende which these rocks contain are 
precisely like those in the anorthosites, strongly suggesting com- 
munity of origin. The feldspars are alkali feldspars with 
closely corresponding soda and potash content. In the general 
rock garnet is a much less conspicuous feature than in the 
anorthosites, and is often wholly absent. This is but natural, 
since the garnet is not primary but has resulted from the inter- 
action of feldspar and magnetite. It is a lime-iron-alumina 
garnet, and the necessary lime for its formation is lacking in the 
alkali feldspar of the syenite. A further distinction between 
the two rocks lies in the abundance of zircon in the syenite. It 
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by no means rises to the dignity of an essential constituent but 


is much more abundant and attains a larger size than in ‘the 
usual igneous rock. The syenites contain quartz almost without 
exception, and the amount increases toward the acid end of the 
series, the calculation of the analysis of column 14 showing 14% 
of that mineral. 

Analysis 10 is of a green gneiss which occurs associated with 
granite and granitic gneiss near Piercefield. Its field relation- 
ships to the syenite are not plain, and the doubt about its prop- 
erly belonging with them is not cleared away by the analysis, 
which falls slightly out of the series in its magnesia-lime ratio 
and in its total magnesia. The rocks nearest it in silica per- 
centage, 8 and 9, have this ratio, 1:3 and 1:3.5 respectively, as 
against 1:1.7 in 10. Its ratio is nearest to that of 13. On the 
other hand, it can be argued that its general great similarity in 
composition would seem to ally it closely with the syenites, and 
that these show a great variation in the magnesia-lime ratio, 
even though it approaches so near to equality in no other. 


General characters of the Adirondack eruptives. The analyses in © 


the preceding table are thought to be sufficiently numerous to 
furnish a very fair representation of the general characters of 
the Adirondack eruptives, except for the lack of analyses of the 
granites. The latter vary greatly, ending with very acid rocks 
composed almost wholly of quartz and feldspar. It is quite safe 
to say that they will reach 75¢ of silica and probably higher, and 
that, since their feldspar is universally microperthite, the ratio 
of soda to potash will remain substantially as it is in the 
svenites. 

The gabbros and anorthosites are quite normal representatives 
of these groups. But in the transition rocks between these and 
the syenites we find low magnesia, low ratio of lime and mag- 
nesia to alkalis, and approximately equal amounts of soda and 
potash, and these characters continue to the end of the series. 
The soda-notash ratio is a slowly changing one, the potash being 
at first below, but eventually overhauling and passing the soda 
in the more acid rocks. In these respects the syenites, and prob- 
ably the granites, depart somewhat from the corresponding 
rocks of the Ekersund-Soggendal area in Norway, which also ac- 
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company anorthosite and gabbro, and which Kolderup has so ex- 
haustively described. In general the Adirondack syenitic rocks 
run higher in the alkalis and lower in lime and magnesia than 
the corresponding Norwegian rocks. These differences are but 
slight, and the general agreement between the two series is very 
close, but they point to a slight original difference in the char- 
acter of the parent magma of the two districts. The appended 
analyses bring this out clearly. 
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1 Basic syenite from Natural Bridge; 7 of previous table. 

2 Monzonite from Fuldland near Farsund. Description and analysis by 
C. F. Kolderup. Die Labradorfelse des westlichen Norwegens, Bergens 
museums aarbog. 1896. p.129. 

3 Augite syenite from Loon lake; 11 of previous table. 

4 Banatite from Dypvik near Farsund. Die Labradorfelse des westlichen 
Norwegens, p.123. 

5 Quartz augite syenite from near Willis pond; 14 of previous table. 

6 Adamellite from Farsund. Die Labradorfelse des westlichen Norwegens 
pibis: 


So far as their mineralogy is concerned, the Adirondack rocks 
would fall without question in the monzonite group. The pre- 
vailing feldspar is microperthite in which the plagioclase mole- 
cule is constantly in excess of the orthoclase, so that they are 
strictly plagioclase orthoclase rocks. ‘The table brings out the 
chemical differences, which would seem mainly due to the fact 
that the plagioclase in the microperthite is albite in the Adiron- 
dack rocks and oligoclase in the Norwegian. Certainly the 
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Adirondack rocks closely approach the monzonite type. They 
also closely approach Brégger’s akerite type (quartz augite 
syenite) from near Christiania, and seem to occupy a position 
intermediate between the two. Smyth’s rock from Natural 
Bridge, column 1 of the above table, would certainly fall within 
the monzonite group, notwithstanding its high lime percentage; 
and the rock from north of Tupper lake, column 9 of the origi- 
nal table, belongs also in that group lying on the border land 
between monzonite and banatite1 Because of this, it is per- 
haps more logical to refer all the Adirondack syenite to that 
group, though as a somewhat aberrant type. 

It would therefore appear that in each district a very similar 
magma has given rise to a very similar rock series, and, it is 
likely, through a similar differentiation process. The order of 
succession of the different types can not be compared, since the 
Adirondack succession is uncertain in one respect. The syenite 
followed the anorthosite, and then came the granite, but the 
position of the gabbro is uncertain. It is certainly later than 
the anorthosite, and certain gabbroic dikes which have been 
found cutting the syenite lead to the impression that it is later 
than that, but there is some question as to the correctness of 
their reference to the main gabbro of the region. There may 
have been two periods of gabbro outflow, one earlier and the 
other later than the syenite. 

A few dikes, and a few small eruptive masses, of three or four 
different types, have been noted which are not referable to any 
of the great masses apparently. But as yet their relationships 
are obscure. All are younger than the anorthosite, and all are 
metamorphosed. 

General metamorphosed condition of the intrusives. All these 
igneous rocks have undergone severe metamorphism, as shown 
by the partial or complete granulation of the original minerals, 
the large amount of recrystallization, and the production of 

*The monzonite group was established by Brégger to contain rocks inter- 
mediate between the granite syenite group (orthoclase rocks) on the one 
hand, and the diorite gabbro group (plagioclase rocks) on the other ; hence 
characterized by both orthoclase and plagioclase. Monzonite has a silica 


percentage between 50% and 60%, banatite between 60% and 66%, and 
adamellite over 66%. 
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foliation in varying degree. In all of them the amount of 
change varies from place to place. In a rude degree all the 
intrusive masses show greater metamorphism toward their edges 
than at their centers, and because of this the large masses are 
apt to show a larger proportion of slightly metamorphosed 
rock than the small masses do. All of them also show local 
variations in this respect. As a general rule the anorthosite 
is the least metamorphosed of all the intrusives. If it were 
younger than the others, its condition in this respect would 
find ready explanation; and, not only that, but its condition 
furnishes a perfectly valid argument in favor of its younger 
age.” Such evidence as exists that it is the oldest, rather than 
the youngest of the intrusives, has already been given in detail, 
and, if this be the case, other evidence must be produced to 
account for its apparent lesser degree of metamorphism. ‘This 
evidence is of threefold character and derived from the distri- 
bution, the original texture and the composition of the rock. 
The main anorthosite of the district occurs as a single great 
intrusive mass, while the other intrusives are found in a num- 
ber of smaller, disconnected masses, hence, for the reason just 
outlined, the rude relationship between size of intrusion and 
thoroughness of metamorphism, the anorthosite should in gen- 
eral be less metamorphosed than the others. 

The anorthosite was originally a vastly more coarsely crystal- 
line rock than were any of the other intrusives. The granula- 
tion of these rocks begins at the margins of the separate crys- 
tals and works inward by degrees, so that the amount of granu- 
lation necessary to completely obliterate the original crystals 
is, other things being equal, dependent on their size, since the 
smaller they are the more margins there are where the process 
can be initiated, and the greater the rapidity of destruction. 

The anorthosite has also a simpler mineral composition than 
the other intrusive rocks, since it is mainly or wholly made up 
of the one mineral, labradorite. Hence there is afforded com- 
paratively little opportunity for the development of new min- 
erals by corrosion, so that recrystallization has not gone on to 
the extent that it has in the other rocks, and in so far as it 
has occurred, can mostly only give rise to more labradorite. 
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With the passage of the rock into anorthosite gabbro, recrystal- 
lization always comes much more largely into play, because of 
the more varied mineral composition, facilitating corrosion and 
causing more or less foliation. It is thought that there is here 
a reasonable and likely the true explanation of the apparent 
less metamorphosed condition of the anorthosite. 

The Grenville and Saranac rocks are apparently more thor- 
oughly metamorphosed than the later intrusions. They are 
more uniformly granular, better foliated, much more completely 
recrystallized and with a usual utter lack of all*traces of origi- 
nal textures. These same characters are also found in the in- 
clusions of these rocks which occur in the intrusives and seem 
to the writer to indicate that they were somewhat metamor- 
phosed, at least, before the time of the intrusions. While no 
doubt the heat and pressure incident on their intrusion must 
have exerted considerable effect on the older rocks, the evidence 
does not point to this as of prime importance in their meta- 
morphism. 

But the distinction between the two sets of rocks is in many 
ways not a sharp one and is difficult to apply. The more thorough 
foliation and complete recrystallization of the Grenville rocks 
may be accounted for by the fact that they were originally fine 
grained sedimentary rocks, and that their metamorphism is not 
necessarily more extreme than that of the intrusives. But the 
more metamorphosed character. of the igneous Saranac rocks can 
not thus be accounted for. The whole problem of their age and 
relationships is one of such uncertainty however that it is some- 
what unsafe to emphasize comparisons between them and the 
intrusives. They are cut in places by small masses of the in- 
trusives and they must occur as inclusions in them. ‘The diffi- 
culty of the whole matter arises from the fact that the Sara- 
nac rocks are so similar to the more gneissoid phases of the 
granite, syenite and gabbro masses that it is frequently im- 
possible to tell with which rock one is dealing. Small, later 
intrusive masses in the Dannemora rocks may be so thoroughly 
gneissoid as to appear like an integral part of the group. 
Specially among the granitic Saranac gneisses traces of cata- 
clastic structure are often, found, and of igneous textures wave 
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one can seldom be sure in such cases that one is not dealing with 


a later intrusive. 


That there are igneous gneisses in the region which are older 
than the anorthosite is certain, since such rocks are found cut 
intrusively by it. That these rocks are for the most part 
thoroughly gneissoid, more so than is true of any of the larger 
intrusive masses, is also certain. It would therefore seem that 
they must haye been somewhat metamorphosed before the appear- 
ance of the intrusives, but that the criterion is not one which can 
be used in all cases for the purpose of discriminating between the 
two sets of rocks. 

If the intrusion of the great igneous masses had been the prime 


factor in the metamorphism of the older gneisses, their foliation 


should show a general parallelism to the boundaries of the in- 
trusions. In general it does not show this, but on the contrary 
is mostly independent in direction. Adams has described a 
notable instance in Canada, where the strike of the foliation of 
the gneiss around the Morin anorthosite rather minutely parallels 
the boundary on three sides of the mass. But it does not follow 
it on the fourth side, the anorthosite is also foliated near the 
boundary, and.its foliation everywhere parallels that of the 
gneiss, and Adams regards it as having been produced in both at 
the same time, and necessarily subsequent to the intrusion. 

No similar case of striking parallelism has been noted in the 
Adirondacks so far as the writer is aware, and it is also true here 
that locality for locality, the foliation of the older gneisses and 
of the intrusions corresponds, indicating that it is due to a com- 
mon cause, operating after the appearance of all the intrusives, 
since they all show foliation. It is no doubt true, as urged by 
Adams, that the contact lines between the two sets of rocks will 
form lines of weakness, along which there will be a special 
tendency to stretching, and which may locally influence the direc- 
tion taken by the foliation, when not overbalanced by other 
things. But so far as the writer’s observation in the Adiron- 
dacks goes, parallelism is the exception rather than the rule. 

The universal concordance in foliation between the gneisses 
and the intrusives makes it impossible to say whether the former 
possessed any. previous foliation or not. If so, it was either 


1Geol, Sur. Can. 8 :13J-15J. 
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destroyed by the later metamorphism, or else the two pressures 
came from the same direction, and the later foliation was super- 
imposed on the earlier, this being much the more probable of the 
two. 

It has previously been stated that the character of the meta- 
morphism which these rocks have undergone is indicative that 
they must have been deeply buried at the time of metamorphism. 
The igneous rocks specially are rocks of the most massive and 
resistant sort; yet over a large part of the region their con- 
stituent crystals have been broken up into a mass of granular 
fragments, accompanied by much recrystallization. The rock 
masses have also been shortened in the direction of greatest pres- 
sure and extended in the plane at right angles to this, with the 
production of foliation in this plane; and all this has taken place 
under such great load that no permanent cracks could form, all 
breaks being closed up by welding as soon as formed, So that the 
rocks have in general not been weakened and have often been 
made stronger by the process. The depth below the surface at 
which permanent cracks can not exist is considerable and more- 
over varies with the nature of the rock concerned, being greatest 
for strong, massive igneous rocks of this character. Yet during 
metamorphism these rocks were at that depth. The change in 
shape has been effected by actual movement of the rock particles, 
so that the rock must have been sufficiently loaded to be plastic. 
Large feldspar crystals have been bent through considerable 
angles without breakage. Quartzes have been drawn out into 
Jong lenses and spindles. A multitude of phenomena showing 
stretching of the rock, accompanied by actual flowage of the 
material, could be cited, yet the strength of the rock has not been 
impaired. The rocks have been under a pressure whose amount 
exceeded their ultimate strength, and under a load sufficient to 
cause welding up of all cracks. The exact depth of burial neces- 
sary to bring about these conditions in rocks of this sort is uncer- 
tain, but a depth of 5 miles is probably not more than a mile or 
two wide of the mark in either direction. 

As near as can be judged from the small and scattered Gren- 
ville exposures in the heart of the district, their foliation is 
everywhere parallel to the original bedding. It is also true 
that, over much of the district, the foliation dips are compara- 
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tively flat, though no such striking instance has been met with as 
Adams has described in Canada! The general foliation strike 
in the Adirondacks is n.e. and s.w., and the usual dip is to the 
east, though there are many exceptions to both rules. In some 
districts there is evidence of considerable folding of the bedding 
and foliation planes but it is seldom sharp, and intricate fold- 
ing and plication occur seldom, if ever. Van Hise has sug- 
gested that the development of foliation parallel to bedding 
may have been initiated by vertical shortening and horizontal 
elongation below the level of no strain, or of no lateral stress, 
and that in subsequent compression and folding the varying 
strength of the different beds controlled the movement and 
kept it in the same planes.2 This is an ingenious and very 
plausible suggestion, the likelihood of which is emphasized by 
the many evidences of the deep seated character of the meta- 
morphism. But the uniformity of direction of foliation in both 
sedimentary and igneous rocks shows that the metamorphism 
which produced it followed the appearance of the igneous rocks, 
and that it must have been produced in both at the same time. 

Late Precambric igneous rocks. Dikes of two sharply con- 
trasted sorts of rocks are of frequent occurrence in parts of 
the Adirondack region, cutting all of the rocks so far described. 
They are of all widths up to over 100 feet, though those wider 
than 30 or 40 feet are exceptional, and few reach those dimen- 
sions. ‘The larger number have an approximate east and west 
trend and are nearly vertical. The more common dikes are of 
a black, flinty, basic rock, diabase; the others are more variable, 
but are usually quite acid, red, porphyritic rocks of syenitic 
make-up. 

They are much more abundant in the northeast than in any 
other part of the region, being exceedingly numerous in Clinton 
county and northern Essex, so much so that, if massed together, 
it would be at once evident that they constitute a very respect- 
ably large portion of the whole rock mass. Somewhat less 
than half of Clinton county has Precambric surface rocks, yet 
some 130 of these dikes are known in the county and there 
are doubtless many more. Rand hill, Dannemora mountain and 


10p. cit. p.11J-12J. 
2U.S, Geol, Sur, 16th An. Rep’t, pt. 1, p. 773, 
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the shores of Upper Chateaugay lake may be mentioned as 
localities where they are exceedingly numerous. Followed to 
the south and west, they rapidly diminish in number and become 
rare or wholly absent. Thus Kemp reports many from Essex 
county, mainly in the north, but very few from Washington and 
Warren. Franklin county is much larger and with a propor- 
tionate much greater area of Precambric rocks than Clinton, 
yet only some forty of these dikes have been discovered there, 
and these mainly in the eastern portion. Though many more 
doubtless remain undiscovered, the relative abundance can be 
calculated, and they are six to eight times as abundant in Clin- 
ton as in Franklin. In St Lawrence, Hamilton and Herkimer 
counties they are practically absent, and the few known are 
toward the northeast. Smyth reports them in comparative 
abundance in the Thousand islands region on the west border 
of the district, and a single large dike of diabase is found in 
the Little Falls outlier on the far south. So far as the present 
Adirondack region is concerned, the igneous activity of this 
time centered in Clinton county, dying out toward the south 
and west. As to the extension northward and eastward, noth- 
ing can be stated, since the Precambric rocks pass under a 
paleozoic cover in those directions. Diabase dikes are however 
fairly abundant in Canada in the region beyond this: cover. 

The centering of the activity in Clinton county becomes the 
more apparent when the distribution of the two varieties of the 
dikes is taken into consideration, the red, syenite dikes being 
practically confined to that county. They are far less num- 
erous and of much more restricted distribution than the dia- 
bases. Only 26 dikes of this elass have been noted, of which 
19 are on Rand hill, where exposures are numerous and detailed 
work has been done. No doubt there are many others elsewhere, 
but it seems quite certain that they are practically confined to 
the county, only one having been noted outside its limits, and 
that in Franklin not far from the boundary. Even on Rand 
hill the diabases much outnumber them. ‘The display of dikes 
there is the most impressive known in the Adirondack region. 
If any volcanos were built at the time, surely the roots of one 
gigantic one are here. 

As has already been stated, these rocks are found at the present 


——— 


GEOLOGY OF THE NORTHERN ADIRONDACK REGION 347 


time only in dikes. We see the channels through which the 
material ascended, but can not be sure whether any reached the 
land surface of the time, giving rise to true volcanic action, nor 
do we anywhere get a glimpse of the underlying reservoirs which 
supplied the material, since erosion has nowhere cut deeply 
enough to disclose them. It may well be, therefore, that the 
mere dikes give little idea of the possible importance of this 
period of igneous activity. But, if great surface flows occurred, 
or volcanos were formed, it seems strange that no vestiges of 
their presence remain, since, as has been stated, the character 
of the dikes themselves does not indicate any very great amount 
of erosion of the present surface as compared with that of that 
time. The most of the erosion since has been expended on the 
paleozoic cover which subsequently overspread this old land 
surface, ’ 

These dikes apparently owe their existence to the same causes 
which were responsible for the earlier, great intrusions, and mark 
the last paroxysm of igneous activity from that source. They 
are wholly unmetamorphosed and are the only Precambric rocks 
in the region of which this is true. Moreover, in cooling, the 
chilling influence of the walls has been very marked, indicating 
comparatively near surface conditions at the time. The borders 
of even the largest dikes have cooled so rapidly as to be glassy, 
though the rock may become quite coarsely crystalline toward 
the center. Little or no trace of such strong, chilling effect is 
to be found in the older dikes of the region. Occasionally the 
dikes are even somewhat amygdaloidal, which is also indicative 
of cooling at no great depth. These characters point conclusively 
to a much younger age for these dikes. Their time of appearance 
was not only subsequent to the great metamorphism of the region, 
but was near the close of the following long period of Pre 
cambric erosion. Before their. appearance the rocks which they 
cut had had the greater part of the overlying load of material 
which covered them during metamorphism, laboriously pared 
away by the slow processes of erosion, a depth of erosion being 
involved which necessarily argues the lapse of a vast interval of 
time. . | 

These rocks are very similar to those of the igneous outflows 
which characterized Keweenawan time (supposedly late Pre- 
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cambric) in the upper Great lakes region, and it is thought that 
they are of approximately the same age. 

In only one case has it been possible to make a relative age 
determination between the two sets of dikes. Near the summit 
of Rand hill a 15 inch dike of the syenite porphyry, bearing 
n.65°e., is cut by a diabase dike of the same width bearing e. 
and w. In this case the diabase is indisputably the younger. 
While this does not demonstrate that all the diabase is younger 
than all the syenite porphyry, it at least points strongly to such 
a conclusion. 

Syenite porphyries. The rocks from the various dikes differ 
considerably. Nearly all of them show porphyritic feldspars, 
though with much variation in size and abundance. These are 
usually red, but become greenish in one dike, and in another are 
of a red violet hue. Except in one dike this is the only porphy- 
ritic mineral, biotite also appearing in this case. The dikes are 
often of pronounced red color, but some are much darker, gray 
to black, with often a greenish tinge when slightly altered. The 
narrower dikes are dense, hard rocks with conchoidal fracture 
and aphanitic appearance and general red color. The larger ones 
are equally hard and firm, but coarser grained and less apt to 
be red. 1 

These rocks are essentially composed of microperthitic feldspar 
and biotite, with accessory magnetite (or specular hematite), 
hornblende, quartz, albite, orthoclase, microcline, apatite and 
titanite, and with secondary chlorite, calcite, muscovite, epidote 
and hematite. Microperthite and chlorite, the latter from biotite 
alteration, are the only minerals present in all the dikes. Quartz 
is present in most of them, in quantity varying with the com- 
position. The ground-mass has in general a well marked flow 
(trachytic) structure. 

They show a surprising range in composition considering their 
rather constant mineralogy, varying from the acidity of granites 
to, in the case of one dike, a basicity approaching that of basalt. 

Diabases. The numerous dikes of this rock in the Adiron- 
dacks exhibit many variations in composition and texture, and 
on the northern slopes of the north foothills of the region, where 
glacial erosion was powerful and all weathered rock was Swept 


‘For detailed description, see Geol. Soc. Am, Bul. 9 1239-56. 
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away, they are often found in beautifully fresh condition. They 
have not, as yet, received the thorough description which they 
merit, Kemp’s account of them being the most exhaustive which 
has yet appeared.t : 

The usual diabases consist essentially of a plagioclase feldspar, 
mostly either andesin or labradorite, augite and magnetite. To 
these olivin must be added in a very large portion of the dikes, 
the number of olivin diabases equaling or exceeding that of those 
without this mineral, so far as the writer’s observation goes. 

The smaller dikes are, almost without exception, porphyritic, 
and the same is true of at least the borders of the larger ones, 
though these frequently become sufficiently coarse grained in 
their central portions to cause this character to lose its distinct- 
ness. As a general proposition, the dikes may be said to be 
characterized by two generations of one or more of the minerals 
present, sometimes the feldspar alone, sometimes the augite 
alone, sometimes both, occurring in this way. The olivin, when 
present, seems always to belong to the first generation. 

Three of the Franklin county dikes are notable in containing 
an orthorhombic pyroxene, bronzite, in considerable quantity. It 
is porphyritic in all, and with its coming in, olivin retreats. In 
two of them, it gives rise to beautiful parallel growths with 
augite of a certain sort, nearly all the bronzites being bordered 
by a narrow zone of this mineral, after the usual law of such 
growths. The augite plainly did not begin to form till the period 
of bronzite formation had passed, and the crystals furnished 
nuclei favoring augite growth. 

In some 25% of the dikes biotite is present, occurring in 
frequent small scales in the ground-mass, with a notable tendency 
to border the magnetite crystals. In such situation it has been 
sometimes regarded as primary and sometimes as a result of 
magnetite feldspar corrosion. Kemp looks on it as the former, 
in the Essex county dikes. The writer has been unable to satisfy 
himself as to which view is the proper one, in the case of his own 
dikes, though disposed to the latter view. 

That these rocks show a notable range in composition is 
indicated by the considerable variation in the relative amounts 
of feldspar and augite, the former being very materially in excess 


1M. S. Geol. Sur. Bul. 107, p.24-27. 
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in some of the rocks and the latter predominating in others. The 
olivin diabases are in general less feldspathic than those in 
which that mineral is lacking. Much variation in structure is 
also shown which, to a considerable degree at least, depends on 
composition. The ophitic structure is the more usual one. In 
many of the dikes, however, the interspaces between the feldspar 
laths are filled by clumps of smaller augites, instead of the large 
augites which solidly fill the interspaces in the typical structure. 
In the more feldspathic dikes the interference of the different 
feldspar laths with one another, and their abundance much 
hinder the development of the normal structure. 

In many of the dikes there is a more or less well marked 
tendency on the part of the feldspar laths to assume a radial 
grouping around various centers, giving rise to the divergent 
rayed structure. In some such the augites also tend to a long 
prismatic, or lath, shape, and these may take on an independent 
radial grouping also. A tendency on the part of the augites to 
show their own crystal boundaries is found in many of these 


rocks, as Kemp has shown, producing a grading toward 
camptonite. 
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1 Diabase from summit of Mt Marcy, Essex co. Analyst Leeds. N. Y. 
State Mus. 30th An. Rep’t, p.102. 

2 Diabase from shore of Upper Chateaugay lake, Clinton co. Analyst Eakle. 
Am. Geol. July 1893, p.35. 

3 Diabase from Palmer hill, Black Brook township, Clinton co. Analyst 
Kemp. U.S. Geol. Sur. Bul. 107, p.26. 

4 Olivin diabase, Bellmont township, Franklin co., dike 18. Analyst Morley. 
18th An. Rep’t N. Y. State Geol. p.120, and 20th An. Rep’t, p.r79. Very 
fresh, olivin not perceptibly serpentinized. 

5 Olivin diabase from shore of Upper Chateaugay lake, Clinton co. Analyst 
Eakle. Op. cit. p.35. 

6 Very basic syenite porphyry, Rand hill, Clinton co, Analyst Morley. Geol. 
Soc. Am. Bul. 9 :248. 

7 Normal syenite porphyry, Rand hill, Clinton co. Analyst Morley. Op. 
cit. p.248, and 20th An. Rep’t N. Y. State Geol. p.r79. 

8 Syenite porphyry from shore of Upper Chateaugay lake. Analyst Bakle. 
Op. cit. p.34. 

9 Acid syenite porphyry, Rand hill, Clinton co. Analyst Morley. Op. cit. 
p.248 and r79. 


The analyses quoted above are all that are known to the writer 
of these rocks. Many of them are quite old but are valuable for 
comparative purposes, though not going into the minutiae of 
modern requirements. The diabases show considerable variation, 
as would be expected, yet on the whole harmonize well with one 
another. No. 4 is the only tolerably complete analysis, and at 
the same time seems to represent about a mean between the 
extreme types and will hence serve as a fair representative of the 
average diabase of the district. It consists essentially of labra- 
dorite and augite in about equal amounts, with considerable 
olivin and magnetite and a rather unusual amount of biotite, 
much of which is clearly primary. Apatite is about the only other 
mineral. The magnetite is only slightly titaniferous, if at all, 
since the very small amount of titanium present may likely all 
be in the biotite. The augite is in two generations, but the 
feldspar not. The structure is only poorly ophitic. 

No. 1 is the rock long ago analyzed by Leeds, the analysis not 
being accompanied by any description however. Augite is the 
only mineral specifically stated to be present. 

No. 2, according to Eakle, appears to lack olivin, and the augite 
is almost wholly altered to chlorite and epidote. No. 5, accord- 
ing to the same author, is an ordinary olivin diabase, though he 
makes no mention of augite, and it is only inferentially supposed 
to be present. It is noteworthy in being exceptionally acid for 
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these rocks, though the description does not suffice to bring out 
the cause for this extra acidity. 

No. 3, Kemp’s Palmer hill rock, is exceptional for the region in 
that the feldspar is altered to scapolite, and it falls badly out of 
the series in several respects, notably in its low magnesia and its 
excess of potash over soda. — 

The rocks from which analyses 6, 7 and 9 were made, were 
selected to represent the mean and the extreme phases of the 
syenitic dikes. No. 6 is much more basic than any other of these 
rocks known in the region, a silica determination of the one which 
seemed to approach it most closely showing 59.2%. From this 
figure to the 68. 96% of no. 9 there is apparently no break in the 
series. 

This basic rock consists essentially of feldspar, a portion of 
which is microperthite and the remainder albite, biotite, apatite 
and a little magnetite, these in order constituting. 61%, 332, 
4¢ and .5% of the rock. Except for the absence of quartz these are 
the same minerals which characterize the other dikes, thus indi- 
cating the genetic connection of this rock with the others. 

No. 7 consists of feldspar, largely microperthite, chloritized 
hornblende, magnetite and quartz, with a little apatite and much 
hematite stain. There ig about 10% of hornblende and somewhat 
less than that amount of quartz in the rock, practically all the 
remainder being feldspar. Except that in most of the dikes the 
hornblende is replaced by biotite, this is rather closely the average 
composition of all. 

The rock of column 9 is composed of microperthite, quartz and 
specular hematite, with exceedingly slight amounts of chlorite and 
apatite. The feldspar makes a little under 804, the quartz a little 
over 17% and the hematite a little over 3¢ of the rock. The feld- 
spar is very typical microperthite or anorthoclase, composed of 
orthoclase and albite in the proportion of 2:3. 

The likelihood that the material of these dikes was derived from 
the same magmatic source as that of the earlier great intrusions 
is strongly suggested by a comparison of analyses. 


1 2 3 4. 5 6 
SIO, Mais sr oe sas sees 47.42 46.73 63.45 68.02 68.5 68.96 
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100.01 100.06 


1 Gabbro (hyperite) from near Nicholville, St Lawrence co.: ; no. 2 of first 
table of analyses. 

2 Diabase, Bellmont township, Franklin co.; no. 4 of second table. 

3 Augite syenite, Loon lake, Franklin co.; typical; no. 11 of first table. 

4 Normal syenite porphyry, Rand hill, Clinton co.; no. 7 of second table. 

5 Quartz augite syenite, near Willis pond, Franklin co.; no. 14 of first table. 

6 Quartz syenite porphyry, Rand hill; no. 9 of second table. 


A comparison of the first two of the above analyses shows a very 
close agreement between the gabbro and the diabase in composi- 
tion, the most striking discrepancy being in the titanium percent- 
age. This difference is perhaps sufficiently pronounced to throw 
some doubt on the magmatic relationship, since in other respects 
the analyses might be duplicated from many parts of the earth’s 
surface, both gabbros and diabases of this approximate composi- 
tion being among the most widespread of igneous rocks. If this 
high titanium percentage was characteristic of the rocks of the big 
intrusions, it should appear in the diabases, also if they are con- 
genital. But, so far as the analyses go, they.do not indicate a high 
titanium percentage in the big intrusions except in the basic gab- 
bros, and most of the analyses which have been made of them are 
from specimens taken from the wall rocks of titaniferous ore 
bodies, which are segregations from the magma which are extra 
rich in iron and titanium. It is therefore thought likely that 
this difficulty in the way of ascribing magmatic relationship is 
more apparent than real. 
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The syenite porphyries are somewhat lower in lime and higher 
in alkali percentage than the corresponding syenites. But the 
differences are not thought to be sufficiently large to condemn a 
reference to the same parent magma. 


Paleozoic rocks 


Potsdam (Cambric) sandstone. Lying uncomformably on the 
old and much eroded Precambric surface, a great sandstone 
formation appears, on the north and east and on the eastern half 
of the southern border of the Adirondack region. This is a water- 
deposited formation, and, so far at least as its upper portion is 
concerned, a marine formation. It is thickest on the northeast, 
thinning out to disappearance both to the south and west. As, 
furthermore, it appears to be the upper beds which persist, and 
the lower ones which disappear in these directions, it seems cer- 
tain that, so far as the immediate region is concerned, the marine 
invasion came on it from the northeast and extended progressively 
southward and westward. 

In Clinton county, where the formation is thickest, the basal 
portion is rather sharply differentiated from the rest in character, 
and this portion has considerable thickness, though how much, 
and how large a part of the whole thickness it constitutes, is 
wholly uncertain. The writer was the first to show this, and 
it has lately been reaffirmed by van Ingen. This portion con- 
sists in part of coarse basal conglomerates, in part of poorly in- 
durated sand beds of small durability and in smaller part of 
thoroughly indurated sandstones. It is nearly everywhere char- 
acterized by a considerable feldspar content, in addition to the 
quartz, and this feldspar is for the most part fresh. GCon- 
siderable magnetite also appears in places, along with grains of 
garnet and occasional zircons. The rock has therefore an arkose 
character in this portion, while above it is prevailingly of pure 
quartz sand. Red is the predominant color of the base, and there 
is but little white sandstone in it, while above the latter is the 
prevailing color. As a general proposition, a feldspar content 


and a prevalence of red beds go together and are certain signs 
of the basal portion, 


*N. Y. State Mus. Bul. 52, p.543. 
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Basal conglomerates are a prominent feature in Clinton county 
wherever the proper horizon is exposed. For the most part these 
are not extra coarse, the larger pebbles seldom exceeding an 
inch in diameter. The pebbles are prevailingly or exclusively 
of quartz, derived from the quartz veins of the Precambrian 
rocks, and are embedded in a coarse sand matrix in which there 
is a large feldspar, and considerable magnetite content. Along 
most of the northern border the general lack of pebbles of the 
underlying rocks, which are mostly Saranac gneisses, is in- 
dicative of quite prolonged wear of the material, so that only 
the extraresistant pebbles of vein quartz origin were sufficiently 
durable to persist as pebbles. The undecayed character of the 
feldspar grains of the sands in these conglomerates indicates that 
all soil and largely weathered rock had already been removed 
and carried offshore to be deposited, and that the waves were 
working on tolerably fresh rock, whose grinding to sand had to 
be performed by water action alone, unaided by any special weak- 
ness due to previous weathering. 

In some few localities conglomerates indicative of much less 
vigorous wave action are found. These contain numerous pebbles 
of the underlying gneisses, often of large size and showing great 
variation in size, and quartz pebbles are much less conspicuous 
or lacking. These seem to be purely local deposits laid down in 
sheltered hollows in the Precambric floor, whose presence is 
likely due to uneven depth of weathering of the floor rocks. It 
is in rocks such as these that the pebbles of diabase and syenite 
porphyry which demonstrate the Prepotsdam age of these dikes, 
are found. Such conglomerates are much less resistant rocks 
than the commoner quartz pebble conglomerates, and present ex- 
posures usually show them in much disintegrated condition. 

These heavy basal conglomerates are mainly confined to the 
northern border of the region, extending as far west as eastern 
St Lawrence county. South of Clinton county, along Lake Cham- 
plain, their existence is rather problematic, owing to dearth of 
exposures of the proper horizon, mainly due to faulting. 

An interesting outcrop of basal conglomerate occurs not far 
west of Keeseville in Clinton county, nestling in an indentation 
in the eastern edge of the anorthosite gabbro, the actual contact 
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not-showing. It is capped by red, feldspathic sandstones of the 
ordinary basal type. The conglomerate carries numerous quartz 
pebbles, up to 2 inches in diameter, along with occasional smaller 
ones of diabase, and of red orthoclase feldspar, the latter clearly 
from pegmatite veins. The coarsely granular matrix looks black 
when fresh, becoming green mottled with blotches of chloritic 
material on weathering. Along with the quartz in the matrix 
is much microperthite feldspar, considerable magnetite in streaks, 
and occasional grains of titanite and microcline, all these grains 
being surrounded by a greenish, chloritelike cement, whose exact 
nature is not clear. 

This conglomerate represents an intermediate stage between 
the normal, quartzose conglomerates and the local, disintegra- 
tion conglomerates of the hollows. It is therefore of interest 
to note that, while it lies in contact with anorthosite gabbro, 
with no gneissic outcrops within a mile, it is entirely made up of 
gneissic debris. This may either argue transportation of the 
materials for at least this distance, which would imply great 
strength of wave action; or else that gneiss occurred near at 
hand along the old shore, became covered up by later Potsdam 
beds, and has since been faulted out of sight. There is no ques- 
tion about the necessary fault being near at hand, and, so far 
as the writer knows, no evidence which will enable a decision 
one way or the other. 

Very abundant also in the basal portion of the formation, 
are beds of rapidly disintegrating, very red, coarse arkose sand- 
stones, made up mainly of quartz and feldspar grains and the 
whole much permeated with red hematite. They break down 
rapidly to a red, sandy clay, a characteristic soil which is pro- 
duced by no other rock in the district, and which often shows 
the presence of these beds when actual outcrops are lacking. 
Beds of this sort often occur interbanded with the basal con- 
glomerates, or they may constitute the larger part of the base, 
conglomerates being scarce or absent, as is the case on Rand 
hill, where these beds show greater bulk than in any other 
known locality. 

Well indurated, red sandstones, such as those from the type 
locality at Potsdam, are not infrequent in the basal portion of 


“ 
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the formation and are numerously exposed at various localities 
on the north border of the Adirondacks in such situation ag to 
indicate clearly their horizon. At Potsdam itself the section 
is complicated by faulting, and the horizon of the red sand- 
stone there can not be demonstrated, though inferentially it 
is low in the formation. -Along with the red there is much hard, 
glassy, brown sandstone, also containing fresh feldspars, but 
lacking the hematite coloration of the red beds. Above, the 
reds become striped and mottled with white, forming a species 
of passage beds to the middle division. 

Van Ingen is the only observer who has Lamenaken to dif- 
ferentiate between the middle and upper portions of the Pots- 
dam. He Spice 


The middle portion of the sandstone is made up of well sorted 
materials, of finer grain, compactly cemented, and of white, steel 
gray or yellowish color, with very little or no feldspathic content. 
The grains of sand are both angular and rounded, with the former 
predominating. The layers are more regular, though their sur- 
faces are ripple-marked, and in section they are seen to be almost 
universally cross-bedded. Pebbles are found on the surfaces of 
some layers of the middle portion, but unlike those of the upper 
portion they seem to have been of soft mud derived by erosion of 
contemporaneous sediments, cast on the beach at times of rough 
water and flattened and squeezed out by the subsequent pressure 
and consolidation of the superimposed sand deposits. 

The upper portion of the formation has frequent beds of 
irregular laminated sandstone, with partings of greenish are- 
naceous shale. The shale surfaces are covered with fucoids 
and worm trails. Pebbles of shale and dolomite, which were 
hardened before the time of their entombment, are found em- 
bedded in the sandstone layers, and their disintegration causes 
cavities to form in the layers containing them. The dolomite 
pebbles become more abundant toward the upper horizons. In 
the upper levels frequent beds are composed of nicely rounded 
grains of clear quartz with a little cement, that crumble to a 
sugary powder under the hammer. Rounded grains of quartz 
of a slightly larger size occasionally cover the upper surface 
of a layer of finer grained sandstone, and, being without cement, 
they stand out in relief above the surface with an appearance of 
having been sprinkled from a pepper pot. 


10p, cit. p.543-44, 
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~While these differences are by no means so obvious as those 
which serve to separate the basal beds from the remainder of 
the formation, they are sufficiently distinct to enable one to 


recognize the horizon dealt with in good exposures, provided — 


the extension of van Ingen’s work over a larger area shows 
them to be persistent. The writer’s work in the district has 
been mainly that of hurried areal mapping, and is not there- 
fore of sufficiently detailed character to enable him to express 
an opinion of any value on this work of van Ingen’s, though, 
so far as it goes, he is disposed to coincide. Precisely the same 
differences which van. Ingen notes have been observed, but the 
work was not done in sufficient detail to warrant publication. 
In addition it may be stated that frequent pebbly beds occur 
throughout the formation, in which the pebbles are almost ex- 
-clusively of white quartz, with a tendency to concentration on 
the upper surfaces of layers which are otherwise of pure sand, 
instead of being disseminated through the layer. Such pebbly 
horizons seem much more characteristic of the middle division 
than of the upper. 

The thickness of the Potsdam in Clinton county is unknown. 
The thickest measured section is that in the Ausable chasm, but 
the section there is complicated by faulting and is by no means 
complete, all the basal portion being lacking. Walcott’s meas- 
urement gives 350 feet, and van Ingen’s “at least 455 feet” 
as the thickness here. In the Morrisonville well, with the drill 
resting at 1250 feet in the Potsdam sandstone, at least 750 feet 
of the formation had been drilled through, and the bottom 
samples were of clear, glassy quartz sand, with no trace of the 
feldspars which characterize the basal portion, indicating that it 
had not been reached.!. From this record alone it seems per- 
fectly safe to say that the formation has a thickness consider- 
ably in excess of that amount in Clinton county. The writer’s 
estimate, based on the broad belt of outcrop in the northern 
part of the county, assigns a minimum thickness of at least 
1,000 feet to the formation, with a likelihood that it is consider- 
ably in excess of that amount. 


19th An, Rep’t State Geol. p.r69, 
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Van Ingen’s study of the Saranac river section of the Potsdam, 
extending along the river for 2 miles above and below Cadyville, 
leads him to compute the thickness there shown at 1150 feet. 
The writer agrees with him that there is no evidence of faulting 
in this section, though he believes that it is terminated by a 
fault at each end. Certainly one of the biggest faults in the dis- 
trict, the Tracy brook fault, crosses the river somewhere between 
the lower end of the section and Morrisonville, though apparently 
with much diminished throw. hereabouts. The Potsdam is a most 
difficult formation on which to get accurate dip measurements, 
and the writer’s notes give the dip as somewhat less than that 
stated by van Ingen, averaging about 5° instead of between 5° 
and 10°, as given by him, which would cut down the above thick- 
ness by some 300 feet. Whichever result be the more correct, the 
thickness is impressive, since the basal beds do not show, nor 
is the summit reached. Basal beds do indeed occur in the near 
vicinity, showing in frequent outcrop on the higher ground a 
mile south of Cadyville. These are on the strike of the river 
exposures and at a higher altitude, yet belong much below them 
stratigraphically, and the writer is disposed to the conclusion 
that a fault intervenes between the two, likely a branch from the 
Tracy brook fault. These beds show considerable thickness, and 
it is thought highly probable that the thickness of the whole 
Potsdam is more likely over, rather than under 1500 feet. 

The paleontologic and stratigraphic work of Walcott and van 
Ingen has shown that the upper portion of the formation, 
through a thickness of some 350 feet, carries a sparse Upper 
Cambric fauna. With the exception of a few supposed tracks, 
of uncertain nature, no fossils have so far been found in all the 
remainder of the formation, and there is therefore an utter lack 
of paleontologic evidence as to its age, and the possibility that 
the lower portion may be older than the Upper Cambric must be 
conceded. But it seems to the writer that, fossil evidence being 
lacking, the formation as it occurs in New York is not sus 
ceptible of subdivision. The basal rocks grade into those of the 
middle division, as do those into the upper, and there is no 
marked structural break at any horizon which would warrant 
the assumption of any great difference in age between base and 
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summit, or any marked pause in sedimentation. Prof. N. poe 
Winchell has long held, and has recently reiterated the view, that 
the typical Potsdam at Potsdam is much older than the upper, 
white, less indurated beds, and he classes it in the middle Cam- 
bric and correlates it with a portion of the Keweenawan of the 
upper lake region... As above indicated, the writer’s judgment is 
that any present attempt to divide the formation on the basis 
of age is premature and has but slender basis of fact, consider- 
ing the lack of all evidence from fossils. 

As has been shown by many observers, the transition from 
Potsdam to Beekmantown sedimentation is not a sharp one but 
through a series of passage beds. Near the summit of the former, 
thin beds of gray dolomite make their appearance, interbanded 
with the soft, white sandstones which prevail there, increase in 
frequency till they constitute half the mass of the rock, and 
finally prevail and cut out the sandstones altogether. The sand- 
stone layers are characteristically Potsdam in appearance, and 
the dolomites as characteristically Beekmantown. There is no 
mixing of materials but rather a rapid alternation of two con- 
trasted sets of deposition conditions. Walcott has measured a 
thickness of 25 feet of such passage beds along the Chateaugay 
river and 70 feet near Whitehall. In the writer’s judgment, the 
latter is much nearer the usual figure than the former. These 
beds are exposed at many localities along the northern border 
of the region, but seldom suitably for measurement of thickness. 
They seem usually of considerable bulk. 

Beekmantown (Calciferous) formation. Just as in the case of 
the Potsdam beneath, the Beekmantown formation is thickest on 
the northeast margin of the Adirondack region and thins out to 
the west and south, though the thinning is less rapid, so that the 
formation extends much beyond the limits of the Potsdam, being 
lacking only on the west side of the region. The type locality is 
at Beekmantown, Clinton co., where the formation is very fossil- 
iferous, but where the section is quite incomplete; in fact, there 
is no one locality in Clinton county where anything like a com- 
plete section of the formation can be obtained. 


‘Am. Geol. April 1908, p.246-49, 
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For such sections recourse must be had to the district nearer 
the upper end of the lake. Here the dips are steeper, and there 
are two localities in Shoreham Vt, where the full section is 
shown, and the section about Fort Ticonderoga is quite complete 
also. These sections have been studied in detail by Brainard 
and Seeley, and the results obtained there applied to other parts 
of the Champlain region.! No other work approaching this for. 
detail and accuracy has been done on the formation in the Cham- 
plain region. In their type section at Shoreham they have recog- 
nized five subdivisions of the formation, as follows :2 


Feet 
A Dark iron-gray magnesian limestone, usually in beds 


1 or 2 feet in thickness, more or less silicious, in some beds 
even approaching a sandstone. Nodules of white quartz are 
frequently seen in the upper layers, and near the top large 
irregular masses of impure black chert, which, when the cal- 
careous matter is dissolved out by long exposure, often 
appears fibrous or scoriaceous. Thickness................. 310 
B_ Dove-colored limestone, intermingled with light gray 
dolomite in massive beds; sometimes for a thickness of 12 or 
15 feet no planes of stratification are discernible. In the 
lower beds, and in those just above the middle, the dolomite 
predominates; the middle and upper beds are tearly pure 
limestone; other beds show on their weathered surfaces, 
raised reticulating lines of gray dolomite. Thickness........ 295 
C, 1 Gray, thin bedded, fine grained, calciferous sand- 
stone, on the edges often weathering in fine lines, 40 or 
50 to the inch, and resembling close grained wood. 
Weathered fragments are frequently riddled with small 
holes, called Scolithus minutus by Mr. Wing... 60 
2 Magnesian limestone in thick beds, weathering drab 100 
3 Sandstone, sometimes pure and firm, but usually cal- 


ae OUP MON OMITINC ort sy cigrc cs oe aee Set ene ec ce ss ete 70 
4 Magnesian limestone like no. 2, frequently containing 
Pee WesrOn Wick CHEE. oo cack te weiss lesen rene ten eee 120 
SE MVER SOLO oe sp Gee atk ace» Se Alo aisln oss aglers ® 350 


1Am. Mus. Nat. Hist. Bul. 3 :1-28. 
2Op. cit. p.2-8. 
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— Feet 
D, 1 Blue limestone in beds 1 or 2 feet thick, breaking 
with a flinty fracture, often with considerable dolomitic 
matter intermixed, giving the weathered surface a rough, 
curdled appearance; becoming more and more interstrati- 
fied with calciferous sandstone in thin layers, which fre- 
quently weathers to a friable, ocherous rotten stone.... 80 
2 Drab and brown magnesian limestone, containing 
also toward the middle several beds of tough sandstone.. 75 
3 Sandy limestone in thin beds, weathering on the 
edges in horizontal ridges one or two inches apart, giving 
to the escarpments a peculiar, banded appearance. A few 
thin beds of pure limestone are interstratified with the 
silicious’ limestone: oo... .. cose ee ee tee eee ee 120 
4 Blue limestone in thin beds, separated from each 
other by very thin, tough slaty layers, which protrude on 
the weathered edges in undulating lines. The limestone 
often appears to be a conglomerate, the small inclosed 
pebbles being somewhat angular and arenaceous........ 100 


Thickness of Dae. t.. Ui. ak ee 375 
E Fine grained, magnesian limestone in beds 1 or 2 
feet in thickness, weathering drab, yellowish or brown. 
Occasionally pure limestone layers occur, which are fossil- 
iferous, and rarely thin layers of slate. Thickness..... ta AOR 470 


Total thickmesass «is. ki sdishiensoeistae cg eee eae 


Cassin formation. In the upper part of division D and in divi- 
sion E are numerous fossiliferous horizons carrying a rather 
abundant fauna. These beds are confined to the Champlain valley 
so far as the immediate region is concerned, and have therefore 
the same restricted distribution as the following Chazy. In dis- 
cussing Brainard and Seeley’s paper, Professor Whitfield recog- 
nizes and emphasizes this point and the considerable differences 
between these upper beds and the ordinary, sparingly fossiliferous 
character of the normal Beekmantown. He urges the similarity 
of the fauna to that of the Quebec group of Canada, argues that 
these beds have more natural affinity with the Chazy than with the 
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Beekmantown, and that they should either be placed with that 
formation or else considered as distinct from either and given 
a separate name, “as Fort Cassin, or Philipsburg formation, or 
any other appropriate name.”! This seems to the writer not only 
an eminently proper, but really a necessary procedure. The thick- 
ness and importance of this group, consisting of the upper 220 
feet of division D and the whole of E, is such as definitely to war- 
rant its separate mapping in the Champlain region, and the 
writer proposes the name “Cassin formation” for it, to make 
Whitfield’s suggestion more precise and definite. The question 
as to whether the rocks involved are to be classed with the Chazy 
or with the Beekmantown, or with neither, is not at issue in the 
giving of the name, the point made being simply that we have here 
several hundred feet of limestone of definite lithologic and paleon- 
tologic character, whose definiteness and importance would seem 
to warrant its separate recognition and mapping as a substage. 
In the type section, at Beekmantown, the rocks of this upper 
horizon are not exposed. The matter will be reverted to on a 
subsequent page in considering the subdivisions of the Chazy 
limestone. 

When the Beekmantown formation is followed to the south and 
around into the Mohawk yalley, it is found to be much thinner 
than in the Champlain region, and the upper portion, that which 
has been separated above as the Cassin formation, is wholly 
wanting. Prosser has carefully measured a number of sections in 
this region, but measurements of the full thickness can rarely be 
made because the formation is seldom cut through to its base, 
and because it overlaps on the Precambric, thus not presenting 
its full thickness close to the Precambric border. At Little 
Falls the formation is 456 feet thick. The deep wells at Ilion 
and Utica, a few miles farther west and at a somewhat greater 
distance from the Precambric edge, show a somewhat, but not 
greatly increased thickness. Eastward from Little Falls the sec- 
tions in the valley do not get down to the base of the formation, 
except at Spraker, where Prosser measured a thickness of 500 
feet, with the summit not exposed, but the thickness does not vary 
greatly apparently, though showing. some diminution east of 


1Am. Mus. Nat. Hist. Bul. 3 :27-28. 
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Spraker. ‘The upper beds contain Ophileta and seem of about the 
same age as the basal part of division D of Brainard and Seeley’s 
section. The upper Cassin beds are wholly lacking in the Mohawk 
valley, and apparently the latter region was uplifted while they 
were being deposited on the east. Certainly, the connection’ be- 
tween the two areas was broken during this time, confining the 
Cassin fauna to the ‘Champlain basin, and this seems to the 
writer an added reason for the separation of the Cassin beds from 
the normal Beekmantown. 

On the north side of the Adirondacks the exposures of the for- 
mation are poor and infrequent, the dips are flat, and the breadth 
of outcrop considerable, with the full thickness not showing on 
the New York side of the international boundary. Nothing - 
definite is known concerning the thickness in this area, but, as 
its western limits are reached, in the Thousand islands region, 
it becomes evident that the formation has greatly thinned. On 
the western side of the region it is wholly absent, the later Black 
River and Trenton limestones resting directly on the Precam- 
bric, making it perfectly evident that the Beekmantown 
shore line there lay farther to the west than the present Pre- 
cambric boundary. Moreover, the imperfect records of the gas 
wells of Oswego and Jefferson counties, as given by Orton, indi- 
cate a thickness of only 200 feet of Beekmantown rocks under 
cover in the former county, and none at all in the latter, the 
former wells being 35 miles, and the latter 15 miles distant from 
the present Precambric boundary.t It seems therefore that the 
Beekmantown sea covered by no means all of the present Pre- 
cambric region of northern New York, and that the main area 
left unsubmerged by its waters was on the west and south. On 
the west the shore was several miles west of the present Pre- 
cambric edge; on the south it did not extend in more than from 
10 to 80 miles beyond the present edge, as the writer has else- 
where shown ;* much less is known about the rate of overlap on 
the northeast, but the great thickness of both the Potsdam and 
Beekmantown formations there would indicate that, by the close 
of the Beekmantown, the sea must have widely encroached on 
that portion of the region. 


*N. Y. State Mus. Bul. 30, p.442, 458. 
?N. Y. State Mus. Bul. p.77. 
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Chazy formation. The Chazy rocks are found, at the present 
day, only on the éastern border of the Adirondack region. Their 
present distribution gives but little idea of the extent of the sea 
in which they were deposited, which must have encroached widely 
over the present northeastern portion of the Adirondacks, from 
which the deposits have been since removed by erosion. But the 
formation is wholly lacking on the remaining sides of the region, 


- and can not have been laid down there at all. On the contrary, 


the Beekmantown land area of the southern and western parts 
of the region became greatly extended in those directions, shutting 
out the sea altogether, and leaving merely the eastern area sub- 
merged during this time. 

Much detailed study has been given the Chazy formation 
throughout the Champlain valley by Brainard and Seeley For 
stratigraphic detail and accuracy this work can not be improved 
on. It shows that the formation is thickest in the latitude of 
southern Clinton county; that it rapidly thins southward to utter 
disappearance at the upper end of Lake Champlain; and that it 
also thins northward and moreover changes considerably in char- 
acter in this direction. 

Throughout most of the Champlain valley the formation con- 
sists essentially of beds of quite pure, clear water limestones, 


’ with a surprisingly small amount of land wash of any sort, in 


itself an indication of considerable width for the basin, much 
beyond what the present breadth of outcrop would indicate. The 
formation is thickest on Valcour island, and Brainard and 


‘Seeley’s measured section there is here reproduced. 


Group A (Lower Chazy) 
Feet 


1 Gray or drab sandstone, interstratified with thin (or some- 
times thick) layers of slate, and with occasional thin 
layers of limestone at the base, containing Came- 
rella (?) costata Bill.........:cseeeee eee eees 56 

2 The slaty sandstone gradually passes into massive beds, 
made up of thin alternating layers of tough slate and 
nodular limestone, containing undetermined species of 
Ortiie etd Or LNOCELAG so ate eae Oh oo ace oe net et eee 82 


ie nn nee, ee 
1Am. Geol. 2:323-30; Geol. Soc. Am. Bul. 2:293-300; Am. Mus. Nat. Hist. 
Bul. 8 :3805-15. 
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Feet 
3 Dark bluish gray, somewhat impure limestone, in beds of 
variable thickness; often packed with Orthis cos- 
talis Hall, which occurs with more or less frequency 
through the whole mass. Other fossils are: Lingula 
huronensis-Bill, Harpes antiquatus Bill, 
H. ottawaensis Bill.(?), Illae nus arctu- 
rus. Hall, (I bayfieldi Bill), Lituites sp.(?)... 110 
4 Gray, tolerably pure limestone in beds 8 to 20 inches thick, 
separated by ‘earthy seams, the bedding being uneven. 
Many layers consist of crinoidal fragments, largely of 
Paleocystites tenuiradiatus Hall. Near 
the middle of the mass for a thickness of 10 feet, some of 
the fragments and small, ovoid masses (Bolbopor- 
ites americanus Bill.) are of a bright red color. 90 


Making for the total thickness of A........0...... 338 


Group B (Middle Chazy) — 


1 Impure, nodular limestone containing Maclurea 


Wh a Da Led... csc ae on dn eee anata tee 25 
2 Gray, massive, pure limestone, abounding in crinoidal 
fragments... . 2. <a «es as «ewes ee te ee 20 


8 Bluish black, thick bedded limestone, usually weathering 
so as to show pure nodular masses enveloped in a 
somewhat impure lighter colored matrix; everywhere 
characterized by Maclurea magna. Near the 
middle of this mass for a thickness of about 30 feet, the 
fossils are silicified and of jet-black color. The more 
important besides Maclurea, are species of Stropho- 
mena, Orthis and Orthoceras. |“) s2. > 20 ce ee 210 

4 Dark, compact, fine grained limestone, with obscure bed- 
ding, weathering to a light gray. Fossils are infre- 
quent, but at a single locality were collected Orthis 
perveta Con, O. platys Bill, Leptaena 
fasciata Hall, Asaphus canalig Con., 
Cheirurus polydorus Bill, Harpes sp. und., 
Illaenus incertus Bill, Lichas mingan- 
ensis Bill, Sphaerexochus parvus Bill, 
and several undescribed species 
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5 Bluish black limestone like no. 3, but less pure, tee Sey 
ing Maclurea magna Les, Orthis per- 
veta Con, Strophomena incrassata 
Hall, Orthis disparilis Con. or O. porcia 


MUTT sis BL AY tie ar lint See te lek dy hiss 15 
Total thickness of B........... 55 tek ees Aen 350 
Group C (Upper Chazy) 4 


1 WDove-colored, compact limestone, in massive beds, con- 
taining a large species of Orthoceras, Placoparia 
(Calymmene) multicosta Hall, Soleno- 
pora compacta, anda large Bucania........... 60 

2 Dark impure limestone, in thin beds, abounding in 
Rhynchonella plena; atthe baseabed4or5- , 
feet thick is filled with various forms of. Monticulipora 
OPI CeMpore sms ten eee era. parece tT SS 125 

3 Tough, arenaceous magnesian limestone, passing into 


Pett PERU ALINESEOUC A oe woe cle ose ye ne seh 2 eb vee hie 
eB aeie ARC ROSS OTA8 5ie iy Syk! oins s-paleig See pais ale eh as aks oie 202 


Ageregate thickness of the Chazy on Valcour island.. 890 


In the same papers the authors show that the diminution in 
thickness of the formation southward is brought about by dis- 
appearance of the lower and upper divisions, so that in the more 
southerly exposures, only the middle division remains, and that 
this then rapidly pinches out to disappearance. ‘To the north- 
ward the work of the Canadian geologists has shown that the 
formation rapidly changes in character in that direction, land 
wash entering much more prominently into its make-up than is 
the case along Lake Champlain. 

It is thus seen. that the Chazy is a comparatively local forma- 
tion, laid down in an arm of the sea which occupied the present 
line of the Champlain valley, whose upper end limited its waters 
on the south. Its breadth however, specially on the New York 
side, was much greater than the present limits of the outcrops 
would indicate. The southern end of the basin was depressed 
for a much shorter time than the central portion, and its deposits 
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{ \ 
are of the middle division. While the Chazy was being de- 
posited, the remainder of the State seems to have been mostly 
above sea level, and either the same conditions obtained during 


Cassin deposition or else a barrier was developed between the - 


Champlain and Mohawk basins at this time, preventing the Cas- 
sin fauna from reaching the latter area. While the writer is 
not a sufficiently competent paleontologist to appreciate or dis- 
cuss the relationships or differences of the Cassin and Chazy 
faunas, it does seem to him that structurally the Cassin is re- 
lated to the Chazy rather than to the Beekmantown. The uplift 
which shut off this basin from the waters of the remainder of 
the State, and then caused those waters to recede beyond the 
State’s boundaries, took place prior to Cassin deposition, and 
these conditions persisted during the Chazy, followed by an up- 
lift and then by the great depression which let in the waters of 
the Black River and Trenton seas over the whole region. It is 
true that in the Champlain region there is no natural lithologic 
boundary between the Beekmantown and Cassin, while the basal 
sandstone of the Chazy does indicate a physical change. But 
this is a slight one and not to be compared to the greater ones 
outlined above. 

Day Point, Crown Point and Valcour substages. The three 
divisions of the Chazy are sharply marked off from one another 
lithologically and seem to the writer equally so paleontologically. 
Moreover, their thickness and importance over most of the Cham- 
plain region seem to warrant their separation in mapping, a 
matter easy of accomplishment on the scale of the 1 inch maps. 
They would seem therefore worthy of separate names. Brainard 
and Seeley’s lines of division can not be improved on, as it seems 
to the writer, and the following names are suggested for them; for 
division A the Day Point limestone; for B the Crown Point lime- 
stone; and for C the Valcour limestone. These are not intended 
to replace the group name but simply as indicative of the three 
well marked substages of the group. Division A is well shown 
along the lake shore in the northern part of Peru township, is 
exceedingly fossiliferous there, and in the near vicinity both con- 
tacts are to be found, the upper at Bluff point, the lower on 
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-Valcour. The lower part of division B is magnificently shown 


on Bluff point, in the southern part of Plattsburg township, and 
the full thickness, except for occasional small gaps, is well exposed 
in the Chazy wedge between the Beekmantown and Plattsburg 
faults in the northern portion of the town.!_ Both contacts show 
here, and large quarries are opened in the rock. The upper divis- 
ion is splendidly shown on Valcour island, with exhibition of both 
contacts. It is perhaps equally well shown in Chazy township, 
and the middle division is also well displayed there with full 
thickness; but, since the name is used for the full formation, it 
can not be applied to a substage. 

Lowville (Birdseye) limestone. In the Mohawk valley the Beek- 
mantown rocks are in many places capped by the thin limestone 
formation to which the above name has been given. The rock 
is mostly a gray to drab, brittle, quite pure limestone, usually in 
rather large massive layers from 1 to 4 feet thick. though much 
of it is thinner bedded also. It is everywhere penetrated with 
the vertical, branching tubes of the fucoids which are so character- 
istic of the formation, which are usually filled with crystalline 
calcite, and whose cross sections on many surfaces give rise to 


the bird’s-eye appearance which gave the original name to the © 


formation. 

Its distribution is erratic and is a matter of considerable im- 
portance. It is limited to the south and west sides of the Adiron- 
dacks, in the former situation resting on the Beekmantown, and in 
the latter apparently on the Precambric, though no actual con- 
tact is exposed in the whole region, so far as the writer is aware. 
The drift is very heavy in that region, and little or no work has 
been done on the rocks since the reports of Emmons and Vanuxem 
were published. Apparently the formation extends through 
Herkimer, Oneida, Lewis and Jefferson counties and in consider- 


able strength, but with its base nowhere showing. Toward the . 


north, in Jefferson, the Beekmantown and Potsdam formations 
begin to appear thinly underneath. Emmons reports a thickness 
of 30 feet near Watertown, which is probably simply an estimate. 


‘This whole western contact line is in need of careful study. 


145th An. Rep’t State Geol., p.556. 
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_ Returning to the south side, Prosser’s sections through the 
Mohawk valley,! together with the supplementary ones of the 
writer about Little Falls, are sufficient to show well the bulk and 
distribution of the formation there. Along Hast and West Can- 
ada creeks the thickness is between 20 feet and 25 feet, beneath 
which, in most places, there is a gradation into the Beekmantown 
below through a series of passage beds of intermediate composi- 
tion and appearance, which have about the same thickness as the 
Lowville itself. In the district between the two creeks the forma- 
tion has the same general character though Jocally the passage 
beds are lacking and: the formation thins. At Caniajoharie, 17 
miles down the river from Little Falls, the Lewville is absent, the 
unconformity at that horizon being more plainly marked here 
than at any other locality. Three miles beyond, about Spraker, 
the conditions are the same. At Tribes Hill, halfway between 
Fonda and Amsterdam, and 13 miles below Spraker, the Lowville 
has reappeared, though no complete section of it has been pub- 
lished, and the passage beds at the base are lacking. About 
Amsterdam and Hoffman the formation is usually present but 
very thin, not exceeding 8 feet, seldom reaching 5, and often 
falling to 2 feet, showing much variation over short intervals and 
sharply separated from the Beekmantown. East and northeast 
from this point it is usually absent though occasionally seen, and 
the last reported occurrence seems to be that near Saratoga, where 
the thickness is but 2 feet. In this neighborhood the Beekman- 
town is also very thin, apparently marking the place where the 
rising of the land during Beekmantown times was first felt, and 
where the separation of the Champlain and Mohawk Beekman- 
town basins was first effected. 

The prominent features brought out by these sections are: the 
resting of the Lowville on the Precambric along the western 
side of the region, the conspicuous unconformity at Canajoharie, 
‘ the passage beds to the Beekmantown in the West Canada creek 
region and the great irregularity of the formation eastward from 
there, with its final disappearance about Saratoga. It is as 
plainly confined to the south and west sides of the region as the 
Chazy and Cassin are to the east side; and was thus deposited in 


‘oth An, Rep’t State Geol. p.619-59, and N. Y. State Mus. Bul. 34. 
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a wholly different basin. On the west its waters encroached 
farther on the Precambric land than the Beekmantown waters 
did. On the south it was very irregularly deposited, owing to 
slight unevenness of the floor. It is not certain whether it was 
contemporaneous with the later Chazy or followed that in time. 
Its fiuetuations in thickness, its occasional absence, and its sharp , 
contact line with the Beekmantown through most of the Mohawk 
valley give physical evidence of a considerable time gap between 
the two formations, during which some slight flexing and erosion 
of the Beekmantown rocks took place, and during which the 
Cassin and Chazy rocks were being deposited in the Chazy basin. 
This evidence is so clear that it would seem that the apparent 
passage beds in the West Canada creek district can not be actually 
such, but belong with the Lowville. The Lowville depression 
seems to have invaded the district from the southwest, and these 
beds ‘represent an older stage of the formation than do any of 
those found to the eastward in the Mohawk valley. : 
Black River limestone. This formation is found on all sides 
of the Adirondacks, though locally lacking in the Mohawk val- 
ley. Throughout the Champlain valley region it shows a mas- 
sive. basal layer of pure, dove-colored limestone which much 
resembles the Lowville except that it lacks the characteristic 
calcite tubes. Above this layer the entire formation consists 
of massive layers of solid, brittle, pure, black limestone, break- 
ing with conchoidal fracture. About the lower end of Lake 
Champlain it ranges from 30 feet to 50 feet in thickness. South- 
ward along the Jake the writer has not seen the sections, but 
White reports a measured thickness of 71 feet, 3 inches on 
Crown Point peninsula, the greatest observed thickness reached 
in the State.1 From this point it thins toward the south, as do 
all the Paleozoic formations of the region. In Saratoga county 
it has an intermediate character, containing layers which re- 
semble the Lowville, Prosser’s sections at Glens Falls showing 
a thickness of 27 feet for the two combined. This seems how- 
ever an exceptional thickness, most sections in the vicinity being 
vastly thinner. Coming around into the Mohawk valley, the 


formation ranges from 5 to 9 feet in thickness about Amster- 
a ere ne 
White, T. G. Geol. Soc. Am. Bul. 10:47. 
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dam and Hoffman, as Prosser has shown, and is in part mas- 
sive, in part thin bedded and lumpy. At Tribes Hill there is 
a 3 foot lumpy layer between the Lowville and Trenton which 
he refers doubtfully to the Black River. At Canajoharie and 
Spraker the Black River is absent, as is the Lowville, flat 
Trenton beds lying directly on slightly folded Beekmantown. 
‘In the district about Little Falls it is sometimes present, but more 
frequently absent, varying rapidly within short distances. Thus 
at Ingham Mills Prosser gives two sections, which the writer 
has also seen, in one of which there are 5 feet of black, lumpy 
limestone, capped by an 18 inch stratum which is lithologically 
like the Lowville beneath. Near at hand, in the second section, 
the succession is the same, but the Black River is only 2 feet 
‘thick, though it is followed by the same recurrent Lowyille 
layer, above which the Trenton appears. At the old kiln, + mile 
to the north, is a still better section, showing 8 feet of fossili- 
ferous Black River limestone, underlain by a thickness of 10 
feet of Lowville beds, and capped by the Trenton [pl.4]. As in 
all cases hereabout, the rock is quite thin bedded and lumpy 
with shale partings. Northward from Little Falls the forma- 
tion is seldom present and then is very thin; the same is true 
in the many sections about Middleville. About Newport it has 
reappeared, with a thickness of 5 feet to 6 feet, thin bedded 
and lumpy as at Ingham Mills. Followed northwest from here it 
thickens, and becomes persistent and massive. T. G. White 
reports a thickness of 20 feet at Boonville and Lyons Falls, 
respectively 25 miles and 85 miles northwest of Newport, in 
the Black river valley.1 It is here for the most part quite mas- 
Sive, though somewhat shaly in its upper portion. 

Farther to the northward, there is little or no accurate pub- 
lished information concerning the formation. Emmons gives 
the thickness at Watertown as from 7 feet to 8 feet, and the 
rock somewhat lumpy, though without shaly partings.2 All 
along this side of the region the glacial deposits’ are exceed- 
ingly heavy, making rock outcrops very exceptional and meager. 
There seems however, no reason to doubt that the Black River 


2N. Y. State Mus. 51st Rep't, 1: r27-29. 
Geol. N. Y. 2d Dist. p.386. 


Plate 4 


Quarry face at bridge north of Ingham’s Mills, showing 10 feet of Low- 
ville (Birdseye) limestone at base, followed by 8 feet of thin black lime- 
stone bands with shale partings, of Black river age, and capped by 5 feet 
of Trenton limestone 


hdl «% 
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extends along it unbroken, with the Lowville beneath. Hence 
the Black River sea surrounded the. region on all three sides 
with apparently unbroken connections, much diminishing the 
size of the former land areas of the region, even that of Beek- 
mantown times, which was the smallest of those that preceded 
it. The present outcrops of the Mohawk valley are near the 
old shore line, and the irregular, ridgy character of the bottom 
was the cause of the variations in thickness of the formation 


there. Had erosion cut somewhat deeper, in other words, were 


the exposures of the formation on a line somewhat south of 
the present, it would undoubtedly extend east and west un- 
broken. The Beekmantown pebbles in the Black River, in the 
Tribes Hill-Amsterdam region, reported by Vanuxem and by 
Prosser, are very significant as showing the near vicinity of 
the shore line.t 

Trenton formation. The Trenton formation may be said to 
show a general uniformity in lithologic character all about the 
Adirondack region, though with much variation in detail from 
place to place. Instead of the quite pure, massive limestones 
of the Chazy and Lowville formations, the major portion of the 
Trenton is found to consist of thin bedded, black, shaly lime- 
stones, often with partings of black, calcareous shales, the en- 
tire formation being thus contaminated with a certain amount 
of land wash in the shape of fine mud. The limestones are 
usually hard and brittle, with conchoidal fracture, though be- 
coming thin bedded and shaly, and even the heavier beds split 
thinly on weathering. 

In all sections there is considerable gray, rather coarsely 
crystalline, fairly pure, very fossiliferous limestone, usually 
thin bedded though sometimes becoming fairly massive. While 
sometimes fairly persistent for considerable distances, such 
beds are usually lens-shaped masses of restricted lateral extent, 
entirely surrounded by the black calcareous muds of the ordinary 
character. Beds of this sort seem less local and more persistent 
in the Mohawk than in the Champlain valley, as has been pointed 
out by White, and constitute a larger portion of the formation 
in the former situation, indicating less local variation in the 


1Geol. N. Y.3d Dist. p.44; 15th An. Rep’t State Geol, 1: 653. 


374 NEW YORK STATE MUSEUM 


conditions there In the Champlain valley they are more 
limited to the basal portion of the formation than is the case 
along the Mohawk. 

In the lower Champlain region the writer knows of no con- 
tinuous section of the Trenton, and its thickness there is largely 
a matter of conjecture. A minimum limit may be assigned, but 
no maximum, and there are beds, apparently Trenton, whose 
stratigraphic horizon is yet unknown. In the bed of the Little 
Chazy river, at Chazy village, the lower 150 feet of the formation 
are shown, directly overlying the Black River beds, and consist- 
ing at the base of slaty layers, alternating with beds of hard, 
brittle, blue black limestone; the major portion of the section 
being however constituted of the limestone, the slaty layers 
vanishing, and in this portion are occasional layers of the gray, 
crystalline limestone which are masses of fossils. 

Along the lake shore northward from Bluff point, Trenton rocks 
outcrop continuously for 4 mile, being separated from the Chazy 
limestones which constitute the point by a fault. Because the out- 
crop surface is horizontal, and the dip varies much in amount 
and direction, it is a difficult section to measure accurately, but 
a thickness of at least 100 feet is involved. At the base are many 
of the coarse gray, fossiliferous layers, but these die out toward 
the summit, and the rock becomes shaly. This section seems to 
overlap, in part, the section at Chazy, but to show higher beds 
than any seen there. 

On Crab island, a mile northeast from Bluff point, out in the 
lake, an excellent Trenton section is exposed which is practically 
a continuous one. The exposures comprise part of a low, north- 
erly pitching anticline, the island is nearly a half mile long, and 
the writer has estimated the thickness of the section at 200 feet. 
Brainard and Seeley state the thickness to be over 200 feet, and 
the writer is confident that White’s figure of less than 100 feet 
falls far short of the truth.2 The lower part of the section, at the 
south end of the island, shows much of the gray, crystalline, 
fossiliferous limestone. Following this are thin bedded, slaty 
layers, but the upper part of the section, comprising more than 


*Geol. Soe. Am. Bul. 10:455. 
*Cushing, H. P. 15th An. Rep’t State Geol. p.514; Brainard & Seeley, 
Am. Mus. Nat. Hist. Bul. 8:308; White, T. G. Geol. Soc. Am. Bul. 103457. 


SIIB SUsTH 7B AOATI TOSpnyT 
et} JO opts [j10u oY} UO ATIUND v UT BMOJSETIT, Ppoppeq UIT SursyaraA0 pue s[qarew youl 


G 94e1d 


GEOLOGY OF THE NORTHERN ADIRONDACK REGION 375 


half of its thickness, is formed of blue black, brittle, somewhat 
muddy limestones, carrying a trilobite, cephalopod, lamellibranch 
fauna, as distinguished from the abundant brachiopod fauna of 
the gray limestone. These rocks are nearly on the strike of the 
section north of Bluff point, and there is unquestionably some 
overlap in the two; but, as the larger part of the Crab island 
section is of higher beds than any shown in the other, these three 
sections can only be fitted together by the most painstaking 
paleontologic work, perhaps not even by that. The writer is con- 
fident that the upper beds on Crab island are from 300 feet to 
350 feet above the base of the formation. These are the three 
best sections of the Trenton which the writer has seen toward 
the lower end of the lake. They indicate a large thickness for 
the formation, but give no clue to the amount that may be lacking 
above the upper beds of the Crab island section. 

In a recent report on the geology of Grand isle, Vermont, Pro- 
fessor Perkins has described an interesting section which shows 
that there is no sharp, lithologic break between the limestones 
of the Trenton and the overlying black shales of Utica age, but 
rather an imperceptible gradation from the one into the other, 
forming a series of passage beds.t These consist of rapidly alter- 
nating shales and limestones, with a comparatively steady in-— 
crease upward in amount of shaly matter. The thickness of these 
beds is not stated, possibly because the section is not sufficiently 
complete, possibly because their recognition as a separate litho- 
logic unit simply increases the difficulty of constituting bound- 
aries by making two vague horizons instead of one. The beds 
of distinctively intermediate character seem however to be of 
considerable thickness. 

Along the shores of Cumberland head, on the New York side 
of the lake, is an excellent, though much disturbed, section, con- 
sisting of blue black slaty limestones and calcareous shales, with 
some firmer limestone bands. These rocks are much faulted and 
squeezed, and somewhat folded, with much development of slaty 
cleavage at a high angle with the bedding planes. These rocks 
extend along shore northward to beyond Point au Roche, in 
Beekmantown. Dr White states that similar rocks occur on 


1Rep’t Vt. State Geol. 1901-2, p.167-68. 
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Grand isle, directly opposite Cumberland head, and it would seem 
that these are the rocks referred to as transition beds by Pro- 
fessor Perkins... From the study of the fauna White seems to 
be somewhat uncertain as to the precise horizon, and speaks of 
it as “ very high Trenton or Utica’’.? Since the passage beds on 
Grand isle are demonstrably such, a comparison of their faunas 
with those of the Cumberland head rocks should settle the ques- 
tion of stratigraphic equivalency. But, if these be actually the 
‘passage beds, their thickness is apparently large, though the Cum- 
berland head section is so greatly disturbed that little exact idea 
as to its thickness can be obtained. The lithologic character 
would seem to agree with such a reference. 

Published data of precise character in regard to the thickness 
and nature of the Trenton toward the upper end of the lake, are 
not numerous. On the Vermont shore, across the lake from Port 
Henry, Brainard and Seeley give a measured thickness of 314 feet 
for the Trenton, the exposures being a continuation of the section 
on Crown point, on the New York side® It is in this section 
that the Black River limestone attains its maximum thickness of | 
71 feet. White says of it that, on Crown point, above the Black 
River, is a continuous series of 100 feet of alternating, compact, 
sandy and shaly layers, all quite thin, containing the lower and 
middle Trenton fauna of the region.* It is not clear from their 
account, whether Brainard and Seeley include the Black River in 
their statement of the thickness of the Trenton or not. White 
states that there is a hiatus between the upper Trenton bed ex- 
posed and the Utica outcrops beyond, but makes no statement 
in respect to its amount. Nothing is therefore apparent as to 
the transition beds in the region. But, unless a fault intervenes, 
it would seem that they can not be of very considerable thickness. 

At Larrabee point, opposite Fort Ticonderoga, White gives the 
Trenton a thickness of 110 feet, the section terminating in that 
formation, though Utica shale appears in place not far away.’ The 
lithologic character of the formation is not touched on, and we 


1Op,. Ctt.. p14. 

"Op. cit. p.460. 

*Am. Mus. Nat. Hist. Bul. 8:313. 
*Geol. Soc. Am. Bul. 10 :457 
5Op. cit. p.456. 


Plate 6 


Trenton limestone in a quarry at Howland’s Mill, Saratoga co. 


e GEOLOGY OF THE NORTHERN ADIRONDACK REGION 377 

_ are left in doubt as to how large a portion is shown, and whether 
or not a fault intervenes between the Trenton and Utica, as is 
very likely. Faults so abound in the Champlain region that the 
finding and measurement of complete sections is a matter of great 
difficulty, so abound in fact that the geologist is more often called 
on to demonstrate their absence than their presence. If there is | 
none here, the Trenton has obviously thinned greatly southward. 

In the country between Lake Champlain and the mouth of the 
Mohawk, exposures of the formation are interrupted and frag- 
mentary. At Glens Falls Prosser has measured several Trenton 
sections, but all terminate in that formation, so that the full | 
thickness is not shown.! The greatest measured thickness in the 
vicinity is 63 feet, the basal portion consisting of very massive, 
black, fine grained beds, while above is much thinner bedded 
material, with some intercalation of gray, crystalline layers. If 
the total thickness were much greater than that shown in this 
section, it would seem that thicker sections would surely be.forth- 
coming, and their nonappearance seems therefore significant. No 
passage beds seem to have been noted, but whether their absence 
is due to nonexposure of the proper horizon or not, is not clear. 

Similarly, about Saratoga, Prosser’s sections show a maximum 
measured thickness of 37} feet for the Trenton, mostly thin 
bedded, but some massive, and here again the summit is not 
exposed, so that the entire thickness may be in excess of that 
amount, but is not likely to be greatly in excess [pl.6]. 

While the sections at these two localities are not decisive as to 
thickness, it seems probable that the entire amount can not greatly 
exceed the figures given, and hence that the formation has rapidly 
thinned in this direction. 

In the lower Mohawk valley, in the Amsterdam-Hoffman region, 
Prosser and Cuming’s sections afford accurate data concerning 
the formation2 They show considerable variation in thickness, 
the maximum amount being 364 feet in the section at Morphy’s, 
while the minimum is 20 feet. The lower 6 to 8 feet are of 
massive, often crystalline, limestone, while the remainder con- 
sists of thinner bedded and dark colored, more shaly material. 


oa 
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~ Coming westward, at Tribes Hill, a measured 40 feet of Trenton 
is the section record, and it terminates in the formation, so that 
the actual thickness may be somewhat greater. At the base is a 
12 foot thickness of massive, dark blue limestone, with some 
crystalline lenses, followed by 11 feet of thin bedded, uneven, gray 
crystalline and dark colored limestones, which are capped by 17 
feet of thin bedded, uneven, dark blue limestone. 

At Spraker the formation has thinned to 17 feet, both con- 
tacts showing, and consists of thin layers of dark blue limestone, 
apparently representing the upper part only of the Tribes Hill 
section and with the Lowville and Black River both lacking as 
well. Three miles west, at Canajoharie, the thickness and litho- 
logic character are the same, and here the unconformity between 
the Beekmantown and Trenton is also plainly marked by a dis- 
cordance in dip [pl.7]. 

In the district about Little Falls the formation shows con- 
siderable variation in thickness, with rapid increase westward. 
On East Canada creek it is about 50 feet thick, with the Lowville 
always, and the Black River sometimes appearing beneath. Here 
it consists largely of gray, crystalline, fossiliferous layers, these 
being capped by thin bedded, blocky, black limestones, which 
become intercalated with shales and grade into the Utica above, 
the distinctive passage beds being of about the same thickness 
as the ordinary Trenton. 

At Little Falls Prosser has assigned 104 feet to the formation, 
though but little of it is exposed in his section. The writer’s 
measurements north of that point show an average of 80 feet of 
thickness, with again an equal amount of passage beds above. 

Along West Canada creek, between Herkimer and Middleville, 
the Trenton ranges from 100 feet to 120 feet in thickness, the 
gray, crystalline, thin bedded type largely predominating in the 
lower half of the section and the dark colored type in the upper. 
Here also is an approximately equal thickness of passage beds, 
alternate shale and limestone layers, the limestone being identical 
in character with the dark colored Trenton type, and the shale 
being indistinguishable from the ordinary Utica. 

Northward from Middleville there are many exposures of the 
Trenton, but most are of merely the lower portion, and there is 


Plate 7 


North bank of creek behind Canajoharie N. Y., exhibiting 
the Trenton limestone 
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no good continuous section. Northwestward also, about Newport 
and Poland, the sections stop in the lower Trenton, while ‘away 
from the creek valley the drift cover is excessive. There is how- 
ever a very good section in Rathbone brdok, near Poland. White 
measured the section here and states its thickness to be 138 feet, 
with the Black River in place below.1. He was unable to deter- 
mine how great a thickness at the base should be regarded as being 
below anything shown at Trenton falls, where the base of the 
formation is not shown. The section also terminates in the 
Trenton and hence gives only a minimum value to the thickness. 
The incompleteness of the section hereabout is exceedingly unfor- 
tunate, since in the gorge of West Canada creek at Trenton falls, 
the type locality of the formation and distant only 14 miles from 
Middleville, the section shows a thickness of 275 feet (Prosser), 
or 284 feet (White), with neither base nor summit exposed.? 
Reference may be made to their papers for the details of the sec- 
tion, which consists mainly of thin bedded, dark blue limestones, 
with considerable admixture of the gray, crystalline beds, and 
with occasional massive layers; the whole capped by the 26 feet 
of massive, gray layers at Prospect [pl. 8 and 9]. Underneath 
this cap considerable shale is intercalated with the thin limestones 
through a thickness of 60 feet, giving a lithologic combination 
quite like that of the passage beds elsewhere. Nothing can be 
learned concerning these in the vicinity, unfortunately. Accord- 
ing to White the lower portion of the Rathbone brook section 
underlies the base of the section at Trenton falls, but he does not 
hazard a suggestion as to the actual thickness involved. It seems 
however quite safe to say that the Trenton at Trenton falls is 
approximately 300 feet thick, more than double its thickness at 
Middleville, 14 miles away to the south of east. Only 27 iniles 
farther to the southeast lies Canajoharie, with its 17 foot thick- 
ness for the limestone, the minimum for the State. Some of the 
latter diminution is due to overlapping unconformity, the base 
disappearing, but in either case it is obvious that the increase 
west from Middleville is more rapid than is the decrease eastward. 
Also that the increase in thickness is upward, implying that the 


IN, Y. Acad. Sci. Trans. 15 :84. 
215th An. Rep’t State Geol. p.626 and footnote. 
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muds of the passage beds and Utica advanced on the region from 
the east, and Trenton conditions persisted longer westward. In 
other words, that, while the upper Trenton was accumulating in 
comparatively clear waters, in the Trenton falls region, incur- 
sions of mud were producing the lithologic combination of the 
passage beds about Middleville and eastward, while yet farther 
east shales were being laid down. This is by no means a new 
suggestion, though the stratigraphic evidence for it has not been 
so marshaled hitherto. Even if it be granted, it does not fully 
explain the sudden increase in thickness at Trenton falls, when 
compared with the much more trivial variations which character- 
ize the whole length of the Mohawk valley below Canajoharie. 

Concerning the formation along the west side of the Adiron- 
dacks, our knowledge is very fragmentary. As has been stated, 
the heayy drift cover on this side of the region is an effective bar 
to satisfactory areal work. Well to the north, about Watertown, 
conditions are much better, and the Trenton is magnificently 
shown. Emmons’s descriptions show that it has the same litho- 
logic characters here as at Trenton falls and elsewhere, consisting 
partly of dark, fine grained, and partly of gray, crystalline lime- 
stone, the former often interleaved with shales; also that often 
the summit is gray and massive, as at Trenton falls, which is 
not the case in the Mohawk and Champlain valleys. He states 
the thickness at Watertown to be about 300 feet, which, judging 
from his estimates of thickness of the rocks in other parts of the 
second district, is likely to be an underestimate! 

Quite fortunately the gas wells drilled within the past 20 years 
to the west and southwest of the region help to bridge. the gap 
in the sections and furnish important data in regard to the thick- 
ness of the formation. The wells at Pulaski and Sandy Creek in 
Oswego county, which are 55 miles northwest of Trenton falls, 
and respectively 25 and 382 miles to the west of south of Water- 
town, have been described, and the sections interpreted by Pro- 
fessor Orton.’ As is often the case, it is difficult to determine 
precise formation boundaries from the records, owing to a variety 
of causes. At Sandy Creek the thickness of the Trenton is uncer- 
tain but seems surely as much as 600 feet. At Pulaski the wells 


*Geol. N. Y. 2d Dist. p.387-88. 
7N. Y. State Mus. Bul. 30, p.484-48. 
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were drilled deeper, and from their records Orton constructed a 
generalized section for the vicinity, which allots a thickness of 
600 feet to the formation (inclusive of the Black river and Low- 
ville), and 200 feet to the Beekmantown beneath! At Stillwater, 
10 miles southeast of Pulaski, he indicates a thickness of 670 feet 
for the Trenton, and no allowance is made for the Beekmantown, 
which is surprising and suggests the query whether the Trenton 
_ has not been thickened at its expense. Here also the upper 300 
feet are significantly referred to as “ White Trenton” and the 
lower portion as “ Dark Trenton,” an arrangement of interest 
when compared with the type section. _ 

A few wells are also reported on in Jefferson county, but the 
records given are very fragmentary. In,Adams township, next 
southeast of Watertown, three wells were drilled to the Precam- 
bric, which was reached at from 915 to 960 feet. Except for a 
few feet-of drift the wells began in the Trenton and very near 
its summit. It seems incredible that the formation should be 
900 feet thick here, but this includes the Black River and Low- 
ville, and, in all probability, at least a small thickness of the 
Beekmantown, though it is not certain that that formation is here 
present. It is found however in outcrop not many miles away to 
the northeast, though it is not thick. However this may be, and 
making the most generous allowance possible, there yet remains 
a huge thickness which must be ascribed to the Trenton proper. 

Notwithstanding their imperfections, these sections indicate 
with clearness that the thickness of the formation at Trenton falls 
is not a mere local matter, but that it is held, and much increased 
to the north, on the west side of the Adirondack region. ‘As the 
same records show, the overlying Utica rapidly thins in the same 
direction. 

In the Mohawk valley, west from Herkimer, the drill has also 
given corroborative evidence? In the well at Ilion, only 3 miles 
west of Herkimer, the section shows 105 feet of Trenton, about 
_what should be expected from its measured thickness along West 
Canada creek between Herkimer and Middleville. At Utica, 12 
-miles farther to the north of west, the Trenton is certainly 330 


10p. cit. p.442. 
20p. cit. p.456-59. 
2Prosser, C. S. Am. Geol. 25:131-49; Geol. Soc. Am. Bul. 4:100. 
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feet thick, and perhaps more, the line between the Trenton and 
Beekmantown being difficult to draw with precision in that well. 
At Vernon, 17 miles west of Utica, 350 feet of the well section 


are assigned to the Trenton, and at Rome, 11 miles northwest of 


Utica, 375 feet. These thicknesses are not so great as those far- 
ther to the north, but the sudden increase in thickness between 
Ilion and Utica is quite analogous to that between Middleville 
and Trenton falls, along the more northerly line. At Chitten- 
ango, 35 miles west of Utica, the drill passed through 636 feet of 
apparent Trenton, and rested in that rock, a thickness directly 
comparable with that shown in Oswego and Jefferson counties. 

Utica formation. This formation is, as a whole, surprisingly 
homogeneous all about the Adirondacks, consisting of fissile, 
black, somewhat calcareous, clay shales, which, like most car- 
bonaceous shales, tend to split thinly and evenly and to have a 
somewhat slaty character. They become usually more fissile 
and less calcareous above, while below thin bands of shaly, 
black limestone commence to appear and increase in abundance, 
forming more or less of a transition to the Trenton beneath. 
Definite passage beds of the sort, of considerable thickness, are 
often found, but the evidence is not decisive as to whether they 
are, or are not, everywhere present in force. More likely they 
are not, and this seems specially probable on the west side of 
the region, and also in the lower Mohawk valley; whereas in the 
Champlain valley and the upper Mohawk region they have much 
importance. These beds are also a mixture faunally, the rather 
restricted fauna which characterizes the pure Utica occurring 
with a considerable number of Trenton forms, so that the line of 
demarcation between the two formations will vary greatly, 
according as it is drawn at the first appearance of the Utica 
fauna, on the one hand, or at! the final disappearance of the Tren- 
ton fauna on the other. The case is one where it seems certain 
that the two contrasted faunas were living in the same basin at 
the same time, each in situations where the conditions were 
favorable, and each under different sorts of conditions; and that 
the one set of conditions increased in area occupied, and its 
fauna spread, at the expense of the other. 

In the Champlain valley it is difficult to arrive at any precise 
notion regarding the thickness of the formation. It is the 
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youngest of the Paleozoic formations there exposed, it is likely 
that no considerable thickness of any younger deposit was ever 
laid down on iit, and hence it has been largely removed by 
erosion, more so than any of the others, so that its summit 
nowhere appears. The question is made more complicated by 
the faulted character of the region and by the fact that the dis- 
turbances here have folded and cleaved the Utica more than. they 
have any of the subjacent rocks. White reports the formation 
as having a thickness of several hundred feet throughout the 
valley, but, in making this statement, includes the Cumberland 
head rocks, whose fauna he elsewhere states to be a transition 
one.t If they are to be included, the writer’s estimate, based on 
work in the same region, would coincide. A few miles east of 
the lake shore in Vermont, Brainard and Seeley at Shoreham, 
and Walcott at Highgate Springs, have inferentially indicated a 
large thickness for these shales by calling their upper portion 
Hudson River, instead of Utica. The deposits at the latter 
locality would seem however to belong to the Levis, rather than 
to the Chazy basin. In the discussion of White’s paper, Ami 
urged that the Utica about Ottawa is but 75 feet in thickness; 
and it may well be that its thickness in the Champlain valley has 
been overestimated. Adequate notions concerning the actual 


amount are not to be had as yet. So far as New York is con- 


cerned, the fauna of the Cumberland head shales seems to be 
confined to the lower Champlain region. 

In the Mohawk valley we meet for the first time with overly- 
ing formations, so that the Utica summit is exposed, and definite 
evidence in regard to its thickness can be obtained. Cumings 
has shown, in eastern Montgomery county, a thickness of the 
Utica of from 1000 to 1200 feet.2 Thence westward to Little 
Falls no measured sections have been carried through the 
formation, so far as the writer is aware. ‘South of the Mohawk, 
near Little Falls, the writer has measured over 600 feet of the 
formation, without reaching its summit. Walcott gives 710 
feet as the thickness shown in the Campbell well, near Utica.’ 
These go to show that the thickness in the Mohawk valley is 

1Geol. Soc. Am. Bul. 10 :456-57. 


2N. Y. State Mus. Bul. 34, p.466. 
“Geol. Soc. Am. Bul. 1 :347. 
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great, and also that it diminishes somewhat westwardly, so that 
it has but little over half the thickness about Utica that it has 
in eastern Montgomery county. 

North and west from Little Falls, it will be remembered that 
the Trenton thickens, rapidly and suddenly, and it is of interest 
to note the coincident thinning of the Utica. Commencing at the 
north, Walcott’s measured section along Sandy creek, in Jefferson 
county, shows the Utica to be 180 feet thick, with an additional 
100 feet of passage beds to the Lorraine shales above In Oswego 
county Orton reports, at Central Square 729 feet of shales 
(Pulaski and Utica) between the Oswego sandstone and the Tren- 
ton, of which 150 feet.are ascribed to the Utica; at Oswego 597 
feet of shales in the same interval; at Stillwater 643 feet, of 
which 113 are thought to belong to the Utica; about Pulaski 300 


feet to 500 feet pf shales, of which 100 feet to 250 feet represent — 


the Utica thickness; and at Sandy Creek (Oswego, not Jefferson 
county), 250 feet to 300 feet of Utica These are vastly thinner 
than the Mohawk sections and overlie in general from 450 feet 
to 650 feet of Trenton, usually in a definite inverse ratio, a strong 
indication of the contemporaneity of the upper Trenton and 
lower Utica in the contrasted districts. Moreover, Prosser shows 
1020 feet of shales in the Vernon well, of which 300 feet are 
Utica, overlying 350 feet of Trenton; 873 feet in the Chittenango 
well, of which 233 feet are Utica, overlying 60 feet of passage beds 
and some 600 feet of Trenton; 505 feet at Baldwinsville, north of 
Syracuse, the amount to be attributed to the Utica not being 
stated; and at Auburn 557 feet of shales, the drill resting in the 
Trenton 240 feet below its summit.2 These show definite Trenton 
thickening, and Utica thinning westward, though the change is 
more gradual than it is to the north. 

Lorraine formation. While no paleozoic rocks younger than the 
Utica shale are found in sufficient proximity to the Adirondack 
region to justify any detailed discussion of them in a consider- 
ation of Adirondack rocks, yet some of them are sufficiently in- 
volved with its past history, as will appear beyond, to deserve 
some notice. 


Op. cit. p.348. 
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Falls over Utica slate in the ravine behind Canajoharie N. Y. 
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On the south and west sides of the region, the Utica shales are 
overlain conformably by a group of shales and sandstones, often 
with passage beds between; and the group has usually a large 
thickness, as the section and well records just quoted demonstrate. 
There is no direct evidence that equivalent rocks were ever depos- 
ited in the Chazy basin of the Champlain valley, but neither is 
there any weighty evidence that they were not. South of the 
Mohawk, however, and all along the west side of the region, they 
appear in force. The above quoted records show that the forma- 
tion thins westward through the Mohawk valley, is thinnest at 
Utica, where only its base is present, and thence thickens rapidly 
to the north and west. Walcott has given a thorough discussion 
of the evidence, showing that it argues for a shallowing of the sea 
along the Utica meridian early in Lorraine times, thinning the 
section there, and preventing thereafter a commingling of the 
western (Lorraine) fauna, with the forms to the eastward of the 
barrier, which hence separated: the eastern Mohawk basin from 
that of the interior It is by no means improbable that this 
uplift at Utica is but part of a greater movement, which extended 
thence to the northeast, bringing much, if not most of the Adiron- 
dack region above sea level and causing also cessation of deposi- 
tion in the Chazy basin. 

The great thickness of the Lorraine rocks, both in the eastern 
Mohawk region and in Jefferson and Oswego counties, together 
with the fact that their present line of outcrop is owing to long 
continued, surface erosion, and that the effect of this erosion is 
to cause the line of outcrop continually to recede from the Adiron- 
dacks, sufficiently indicates that in the past they must have ex- 
tended in over them, likely for several miles, and that in some 
considerable thickness; and that during Lorraine times a consid- 
erable area, specially on the northwest and the southeast, 
remained yet submerged, in spite of the uplift described above. 
In addition, it is by no means impossible that some of the later 
Siluric rocks may have overlapped on the southern and western 
margins of the region, though this is much more open to question 
than is such a former extension of the Lorraine rocks. Certainly, 


the general tendency to subsidence over the district, initiated in 
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Cambric times, was checked and replaced by the contrary ten- 
dency during Lorraine times, a tendency which has, in the main, 
persisted to the present. 

Helderberg submergence. On the south and west of the Adiron- 
dack region the Lorraine rocks are successively overlain by the 
Medina, Clinton, Niagara, Salina and Waterlime deposits. These 
are more likely to have overlapped on the west side of the region 
than elsewhere. On the south they thin and disappear in going 
eastward, showing that they are approaching a shore line in that 
direction, and that the lower Mohawk region was not receiving 
deposit during most of the interval. Then ensued a change at the 
extreme east, a considerable depression being formed there, in 
which marine limestones accumulated, whose fauna entered the 
basin through some connecting channel with the eastern sea. 
These rocks do not extend westward as far as the upper Mohawk 
region, showing that that district did not participate ini the de- 
pression, or else that a barrier was formed there, separating the 
eastern basin from that to the west, waterlime conditions per- 
sisting in the latter after they had been brought to an end in 
the former. From Albany these rocks extend far south into the 
Appalachian region, as deposits in a long, trough-shaped basin. 
As to the northern limits of that basin, we are in ignorance, the 
deposits having been swept away by erosion; but, since it is known 
that the present line of the St Lawrence was also depressed dur- 
ing that time, deposits of that age occurring on St Helen’s island, 
near Montreal, it is rendered quite likely that the Champlain and 
upper Hudson valleys were also involved, forming a channel which 
furnished a connection with the outer sea by way of Montreal. 
If such were the case, the subsequent removal of the deposits 
has obliterated all the evidence on which a demonstration might 
be based. There was some connecting channel with the outer 
sea; there may have been more than one; the line suggested would 
furnish a natural route. 

Summary of early Paleozoic oscillations of level. The evidence 
which is given by the distribution, character and thickness of the 
several Paleozoic formations which were deposited on, and around, 
the Adirondack region, as to the oscillations of the land surface, 
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has been treated in some detail in the foregoing pages, but a 
concise summary of it may well find a place here. 

_ The Potsdam is confined mainly to the north and east sides of 
the region. It comes around into the Mohawk region, but is thin 
there and fades out to a vanishing point about midway of the 
valley. It does not appear at all on the west side of the territory. 
It is thickest on the northeast, in Clinton county, and there alone 
is any great thickness of its peculiar, basal portion to be found. 
To the south and west the formation thins by disappearance of 
this base, and it would seem therefore that deposition must have 
commenced on the northeast and advanced progressively westward 
and southward, so that by the close of the Potsdam the north- 
eastern district had undergone large submergence, whereas on the 
southwest the shore line was yet outside of the present Precam- 
bric margin, and the amount of subsidence had been trifling; 
that is, that there existed a large, unsubmerged area on the south 
and west at the close of Potsdam time. 

The formation was laid down on a comparatively even floor of 
older rocks, whose evenness was mainly due to previous protracted 
wear on it while a land surface; but, in spite of the comparative 
evenness, the floor shows much minor irregularity, whose amount 
seems to increase with increasing thickness of the overlying Pots- 
dam. All the workers on the north and east sides of the region 
have observed and commented on the irregularity of the floor, 
which sometimes amounts to some hundreds of feet. In the 
Mohawk valley region the floor seems to have been exceedingly even 
and fiat, much more so than on the north. Since the former was 
barely, or not at all submerged by the Potsdam sea, while the 
latter was early invaded by it, the one did and the other did not 
experience subaerial erosion during Potsdam time, this furnishing 
an obvious reason for greater smoothness in the former, though 
it may not be the whole reason. . 

The upper division of the Potsdam would seem plainly to be a 
marine sand deposit. Quite likely this is true of the middle 
division also, though it is not so certain because of lack of fossils. 
It seems possible that the basal portion, which is developed only 
on the northeast, may represent a flood plain deposit under condi- 
tions of climatic aridity. The red color and the undecayed char- 
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acter of the feldspar grains in this portion may perhaps be thus 
explained.t 

Above the basal division the rock becomes a purely quartzose 
one, and the red color disappears. This middle portion of the 
formation, as shown in Clinton county, becomes however its base 
to the west and south, because of the gradual encroachment of the 
subsidence in those directions, explaining the lack of arkose in 
St Lawrence county and in the Mohawk valley. Because of the 
occurrence, in St Lawrence county, of a quite pure, quartz sand- 
stone resting on an uneven surface of crystalline rocks, Smyth 
has argued for a humid climate with rapid weathering at the 
time; and that, owing to the resistant character of the underlying 
rocks, the waves did not act for a sufficiently long time at a given 
level to plane away the rock floor to an even surface, though the 
time was sufficiently long to weather and triturate all minerals 
save the extra resistants quartz.? The writer quite agrees that a 
change in climate is probably indicated by the change in the rock 
character. 

The offshore mud deposits of Potsdam time are nowhere ex- 


posed to view about the region. Some slight deposit of limestone . 


took place, as shown by Walcott for the district about Saratoga, 
and by the well records published by Orton for the Oswego county 
region. The formation tends often to become somewhat calcareous 
or rather dolomitic, above, and everywhere grades into the over- 
lying Beekmantown through a series of passage beds, which show 
rapid alternations of the two sets of contrasting conditions, the 
one gradually overcoming the other, so that subsidence must have 
been progressive, and no great time interval could have elapsed 
between the two deposits. 

The bulk of the Beekmantown formation is composed of sandy 
dolomites, all very barren of fossils. They seem to the writer to 
indicate shore conditions and to a considerable extent “ salt pan ” 
conditions.’ With the oncoming of Beekmantown time subsidence 


*The writer has long been of the opinion that the early Potsdam climate 
was an arid one; and recent correspondence with Mr van Ingen has dis- 
closed that he is also disposed to hold a similar view and is investigating 
the matter with the development of new and interesting evidence. 

*N. Y. State Geol. 19th Rep’t 1899, p.r100-2. 

*Dana, J. D. Man. of Geol. ed. 4, p.183. 
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commenced on all sides of the Adirondack region; but, as was the 
case also in the Potsdam, it was most pronounced on the north- 
east and diminished in amount toward the west and south. The 
formation must have encroached on the Adirondack island on all 
sides, greatly diminishing its previous area. On the south side 
specially a large transgression of the sea on the former land took 
place, since the Potsdam shore line had been an unknown dis- 
tance to the south of the present line of the Mohawk valley, while 
the Beekmantown has a thickness of from 300 feet to 500 feet 
there, and its shore must have lain several miles to the northward. 
On the west side of the region but.little subsidence took place, 
and the Beekmantown shore line lay to ithe west of the present 
Precambric border there. In the Champlain region the forma- 
tion has treble the thickness that it has along the Mohawk, and 
the transgression of the sea on the northeastern portion of the 
region must have been of vast extent. The Adirondack land mass 
must certainly have been an island during the Beekmantown, 
whose area was small compared with the present size of the 
region, and which lay mainly in its western portion, extending 
eastward for an unknown distance, greatest on the south side. 

Then conditions changed, and the downward movement was 
replaced by an upward one, which caused cessation of deposition 
on the south and west sides of the area, brought a large but 
unknown amount of the previously submerged tract above sea 
level, so that the Beekmantown island was gréatly extended in 
those directions, and shut off communication between the basin 
on the southwest and that on the northeast. The latter district 
did not feel the upward influence, but continued to subside, and 
the limestones and dolomites of the Cassin formation were depos- 
ited on the normal Beekmantown. The abundant fauna found 
fossil in these beds and absent from the Beekmantown beneath, 
must have entered the basin from the east or north, arguing for 
extended depression and open sea connection in one or the other, 
or both, directions. 

The depression on the northeast persisted throughout Chazy 
time, though likely with interruptions, of which the most impor- 
tant is indicated by the basal sandstone of the Chazy. Like the 
preceding Cassin subsidence, this diminished rapidly in amount 
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| southward, so that the rocks disappear through thinning at the 
upper end of the Champlain valley, the middle division of the 
formation being the last to vanish. Following the deposit of 
the upper beds, uplift ensued, or at least a cessation of sub- 
sidence and of deposit; there is little or no indication of wear 
at the Chazy summit, so that the surface could not have been 
raised much, if any, above sea level. 

The large amount of subsidence on the northeast during Pots- 
dam, Beekmantown and Chazy times must have involved that 
entire section of the present Adirondack region, since the Pre- 
cambric floor of the district was not vastly irregular, nor 
could its seaward inclination have been great. The amount of 
rock thickness of these three formations which was deposited 
in the lower Champlain valley was from 3500 feet to 4500 feet, 
so that the upper Chazy deposits must have been carried far 
into the present heart of the Adirondacks by their overlap on 
the old land slope. 

During Chazy times the Cassin elevation on the south and 
west sides of the region persisted, and no deposits of Chazy age 
were formed. The land was in fact sufficiently elevated to per- 
mit a certain amount of erosion of the Beekmantown deposits 
which formed its surface. The uplift was accomplished without 
tilting or folding of the rocks, except in a very minor degree, and 
in general the Lowville rocks appear to overlie the Beekman- 
town conformably. In some sections, as at Canajoharie, there 
is a plain discordance in dip between the two formations. owing 
to a very slight folding of the Beekmantown [pl.7]; but in most 
places nothing of the sort can be made out, though a compari- 
son of several sections usually suffices to show that the Lowville 
does not always rest on the same bed of the Beekmantown. The 
Surface was planed down to great evenness, arguing for either 
a long continued period of wear or else for a very low altitude 
and gentle surface slope. 

The uplift of the northeastern region at the close of the Chazy 
was coincident with, or somewhat closely followed by, a moye- 
ment of downward character on the south and west, which 
much diminished the land area there, bringing the shore line in 
close to the present Precambric margin of the region. The 
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Lowyille limestone was deposited in these waters. The move- 
ment of the region was apparently pivotal, along a northwest 
and southeast axis which crossed at the upper end of the Cham- 
plain valley, sinking on the one side being accompanied by rise 
on the other. In that district this line formed the southern 
shore line of the Chazy sea and also the northern shore line of 
the Lowville sea. The thinness and the intermittent character 
of the Lowville formation, along the present line of the Mohawk 
valley, would indicate either that the Lowville shore line was 
not far away to the north, and that the subsidence was only 
trifling, or else that, after the deposition of the material, an 
uplift occurred and considerable wear took place. So far as the 
slender evidence goes, the former would seem to have been the ~ 
case, since the unconformity at the base of the Lowville is much 
more pronounced than that at its summit, in fact there is little 
sign of wear at the latter horizon; while the not infrequent oc- 
currence of alternating Lowvyille and Black River conditions 
would seem to bind the two formations rather closely together. 
It is therefore thought probable that the Lowyille sea extended 
but little north of the Mohawk line and hence encroached little 
or not at all on the Adirondack region from the south. 

On the west side of the region the formation has much in- 
creased thickness and apparently for many miles rests directly 
on the old, Precambric floor. Its thickness would argue that 
it must formerly have extended in several miles over the western 
Adirondack border, and farther than any of the preceding seas 
had done. 

During Lowville time therefore the bulk of the Adirondack 
region was a Jand area, with wide extent to the north and east 
beyond the present boundaries of the district, with its southern 
shore line rudely corresponding to the present Precambric bor- 
der on that side, and its western edge alone somewhat submerged. 

The Black River limestone follows the Lowville on the south 
and west, with no sign of a structural break between. the two. 
In the Mohawk valley the formation is thin and sometimes absent. 
In some cases. its nonappearance is definitely due to the fact that 
the Lowville deposits had not completely filled the slight depres- 
sions in the Beekmantown floor on which they were laid down, 
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and the added thickness of the Black River was also insufficient 
completely to fill them. In these instances it seems clear that the 
slight elevations on which no deposit took place must have existed 
as shoals, and that hence the water was very shallow, and the 
shore line close at hand, as seems to have also been-the case dur- 
ing the Lowville. There are sections, as in the Moore quarry at 
Pattersonville, measured by Prosser, in which the Black River 
rests directly on the Beekmantown, though the Lowville occurs. 
thinly at its proper horizon, no great distance away, and such a 
section is demonstrative of uneven surface. On the other hand, 
the writer’s work in the Little Falls region has shown that the 
Black River there has a very patchy distribution, and that about 
Middleville it is definitely absent, though the Lowville occurs 
there in considerable strength, and this is thought to point to an 
unconformity between the Black River and Trenton, the Black 
River being absent because of uplift and wear, after its deposi- 
tion and before the beginning of the Trenton. Not unlikely the 
strong unconformity at Canajoharie is in part due to wear of this 
date, and not all to be ascribed to the period of Postbeekman- 
town erosion. This uplift seems to have been localized here at 
the southeast, since only there is the Black River found to be 
lacking. In the Mohawk region then, the shore line was close 
at hand and was irregular, though not so much so as at the com- 
mencement of the Lowville, and the one formation followed the 
other with no sign of a break, the two deposits combined nearly, 
but not quite, filling up the depressions; thence ensued an uplift 
about Little Falls, which brought about removal of the Black 
River through wear and caused the Trenton there to rest on the 
Lowville. 

With the oncoming of Black River time, rapid subsidence seems 
to have been initiated on the east side of the region, the Chazy 
basin becoming again submerged; and the deposits thus laid down 
must have encroached as widely into the heart of the Adirondacks 
as the previous Chazy deposits had done. On the west side of 
the region also the formation is everywhere present, and thicker 
than on the south, so that the Black River sea was continuous 
around the region, and must have widely submerged it. There 
must have remained unsubmerged, however, an island of con- 
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siderable size, occupying approximately the same position as the 
previous Beekmantown island, but with considerably diminished 
area, specially on the western side. As in that case, this land 
was massed on the south and west. 

The only stratigraphic evidence of a break between the Black 
River and Trenton, seems to be in the upper Mohawk region, 
where there is certainly a slight unconformity, with locally entire 
removal of the Black River. In Trenton times also the Mohawk 
region was but slightly submerged, and the formation is but 
thinly developed. This would argue some shore line near at 
hand, and Kemp’s study of the Paleozoic outlier at Hope demon- 
strates the presence of land near the southern Adirondack mar- 
gin, during at least the early Trenton. In addition, it seems to 
the writer that this outlier presents suggestive evidence of the 
truth of the arguments advanced in the preceding pages, regard- 
ing the small extent of the invasion of the southern Adirondacks 
by the successive seas. In this outlier Potsdam, Beekmantown, 
Trenton and Utica strata are all present, and, with the possible 
exception of the last, none of them seem to have been deposited 
in great thickness, though during intervening periods of wear 
some thickness of each may well have been removed. Apparently 
the deposits indicate the near vicinity of a shore line to the north 
in Potsdam, Beekmantown and early Trenton times, and their 
thinness and character are due to such proximity. 

Throughout most of the Mohawk valley region the Trenton has 
no great thickness, indicating but slight subsidence during its 
deposition. On the east and west sides of the region, however, 
it attains large thickness, hence subsidence was in progress on all 
sides of the district, and the encroachment of the sea over it must 
have considerably exceeded in extent even that of the previous 
Black River sea. The Black River island must have been nearly, 
if not utterly, wiped out by the close of the Trenton. 

Then came in the muds of the Utica, appearing first on the east 
side of the region and gradually encroaching westward. Ruede- 
mann’s argument for the extension of the Utica over the entire 
Adirondack region, based on the parallel alinement of the grapto- 
lite fronds found fossil in the shales, as indicative of a uniform, 
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unopposed current, seems to the writer to be conclusive.t The 
argument based on the thickness of sediments about the Adiron- 
dacks, and their necessary wide overlapping on the gentle slopes 
of the Precambric old land, also seems conclusive as to complete 
submergence during the Utica, the thickness and the evidence of 
gentle land slope being ample to warrant the conclusion. If any 
_ Jand remained during the Utica, it could have consisted of nothing 
more than a few, low, insignificant islands, and such must have 
been along the southern margin of the region. The slight amount 
of Trenton submergence in the lower Mohawk region may well 
indicate that, during-a portion of Trenton time, there existed 
here a shoal barrier between the eastern and western basins. 

The Utica was brought to a close by the shallowing of the waters, 
which may well have brought a considerable part of the Adiron- 
dacks, specially on the north, above sea level, though this is mainly 
conjectural. During Lorraine time, which followed, a shoal was 
developed in the region about Utica, probably extending thence 
northeastward, which separated the eastern and western waters. 
This would seem definitely to imply the emergence of land to the 
northward, and likely by the close of the Lorraine a large part, if 
not the whole of the Adirondacks, was elevated above sea level. 
The following Medina, Clinton and Salina waters washed the west- 
ern and southwestern sides of the region only and may well haye 
somewhat encroached on its margins. Then came elevation on 
the west, and the Helderberg depression on the east, the latter 
probably involving the eastern border of the district. The suc- 
ceeding Devonic deposits may have reached the southern rim of 
the area, but could hardly haye invaded it to any considerable 
extent. 

Paleozoic igneous rocks. On both tthe eastern and southern mar- 
gins of the Adirondack region, the Paleozoic rocks which fringe it 
are found to be cut by igneous rocks, mainly in the dike form. In 
the Champlain region these rocks cut, and are therefore younger 
than, the Utica shale, the youngest of the Paleozoic rocks to be 


found in the district. In the upper Mohawk district the dikes 
also cut the Utica shale. 
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The Champlain eruptives of this period have received detailed 
description from Kemp.t They are more abundant in Vermont 
than on the New York side of the lake, and on that side seem 
mostly confined to Essex county, and to the near vicinity of the 
lake shore. They extend into Clinton county however, in which 
six small dikes belonging to this group have been found, are still 
more abundant in northern Vermont and extend thence north- 
ward into Canada. The Adirondack region seems to have been 
on the outer border of the region affected by the igneous activity. 

Two contrasted groups of rock are present, the one light col- 
ored and acid, the other black and basic. The former are classed 
as bostonites by Kemp, the latter as camptonites, monchiquites or 
fourchites, according to their mineralogic character. As in the 
case of the older, Precambric dikes, the acid rocks seem less 
numerous than the basic and with a more restricted distribution, 
though these differences are in much less noticeable degree than 
in the earlier case. 

Trachytes (bostonites). In New York State rocks of this group 
seem confined to Essex county, at least none have been discovered 
elsewhere. Kemp describes them as of prevailing light color, 
creamy or brownish white usually, but sometimes a light choco- 
late; of rough and granular feel and a fracture like that of 
trachyte. Phenocrysts are not numerous in general and are 
nearly always of feldspar, quartz having been noted but rarely. 
The ground-mass is constituted of minute feldspar laths with 
usually well marked flow structure. Between the laths small 
particles of interstitial quartz are sometimes to be detected. The 
feldspar is both orthoclase and anorthoclase, little or no plagio- 
clase being present. A considerable amount of hematite is 
present in minute, disseminated scales, but aside from the above 
no certain primary minerals can be made out. Calcite, quartz, 
kaolin and limonite are the principal materials resulting from 
alteration, and in general the rocks seem hardly as fresh as the 
older syenite porphyries of Clinton county, which they much 
resemble. 

At Cannons point, just north of Split rock, Kemp has described 
a large inass of this rock as a sheet, or laccolite, the exposures 
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apparently not being sufficiently extensive to permit of cer- 
tainty in the matter. This is the only known instance in New 
York where any of these rocks occur in other than the dike form. 

Basic dikes (camptonites, monchiquites and fourchites). Of 
these basaltic rocks the main mineralogic constituents are a basic 
feldspar, usually andesin or labradorite, augite, brown horn- 
blende, olivin and biotite. The camptonites are feldspar augite, 
or feldspar hornblende rocks; in the monchiquites and fourchites 
the feldspar retreats or disappears, thus separating them from 
the camptonites, and they are distinguished from each other by 
the presence in the former rock, or the absence in the latter, of 
olivin. Some glassy base is usually present, specially in the latter 
two rocks, and they not infrequently contain analcite. 

Camptonites are mostly characterized by the presence of brown, 
basaltic hornblende in sharply bounded crystals. It is often more 
or less replaced by augite, up to complete disappearance of the 
hornblende. Such rocks differ but little from diabases, the differ- 
ence being a minor, structural one; in the diabases the augite 
formed somewhat later than the feldspar and accommodated 
itself to the feldspar outlines, instead of presenting its own out- 
lines; in the camptonites it formed earlier and is more apt to have 
its normal outlines. In most cases at least some brown horn- 
blende is present, and serves to distinguish the two rocks. In 
many of the dikes there is no augite whatever. Magnetite is the 
only other mineral uniformly present. Some little glassy base is 
apt to be at hand also. 

The monchiquites consist of olivin, augite, hornblende, biotite 
(one or all three of the last named), and a glassy base. Like the 
camptonites these are apt to be porphyritic. Analcite is not 
infrequently present. The fourchites are similar except for the 
lack of olivin, and consist principally of augite, though with some 
hornblende or biotite. They are much rarer than the monchi- 
quites in the Champlain district. A related rock, ouachitite, in 
which the biotite predominates and augite retreats, has not been 
so far noted in the district, though biotite is abundant in several 
of the dikes. 

Age of the Champlain dikes. Kemp was the first to note that 
these acid and basic dikes of the Champlain region are of the 
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‘sort which usually accompany nephelin syenite igneous bodies, 
but that such are absent in the immediate region, though occur- 
ring in Canada to the northward, and to the eastward in New 
England. It is of course possible that masses of the sort are 
present in the Champlain region but are as yet uncovered by 
erosion. It would seem however that these Champlain dikes are 
on the southeast margin of a considerable region which was 
affected by the igneous action, and that evidence regarding their 
age may be sought in the entire affected area. In the immediate 
Champlain region no closer determination of their age can be 
made than that they are younger than the Utica shale, which 
some of them cut. There would seem to be no question that 
they are older than the Trias, or are of Paleozoic age, since the 
igneous rocks of the Trias are of quite different sort, and rocks 
like these are nowhere found associated with them. The evi- 
dence given by the exposures on St Helen’s island, near Montreal 
would indicate that these rocks are at least as young as the 
early Devonic; and the writer has recently come to the belief 
that a Carboniferous age must be assigned to them, though this 


‘is not possible of demonstration at the present time. 


Chemical analyses. No very good and complete analyses of 
these Champlain eruptives have yet been made, though they 
closely conform to similar rocks elsewhere. Such as are avail- 
able are given by Kemp in United States Geological Survey, bul. 
107. It is however of interest to note their quite striking 
similarity in composition to the earlier dikes, which preceded 
them in late Precambric time. The camptonites and monchi- 
quites are chemically very close to the earlier diabases, and an 
equally strong resemblance obtains between the bostonites and 
the syenite porphyries. 

Igneous rocks of the upper Mohawk region. Smyth, G. H. Wil- 
liams, Darton and Kemp have described very basic rocks, of the 
peridotite class, about Manheim, Syracuse and Ithaca These 
rocks are only remotely connected with the Adirondack region, 
but completeness would seem to make desirable some considera- 
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1Darton & Kemp, Am. Jour. Sci. June 1895, p.456-62; Kemp, J. F. Am. 
Jour. Sci. Nov. 1891, p.410-12; Smyth, C. H. Am. Jour. Sci. Ap. 1892, p.322— 
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tion of them. They occur for the most part in very irregular 
dikes, often of very small width. They belong to the peridotite 
class of igneous rocks, the most basic of any. Such rocks are 
prone to rapid decay, and these are no exception, all of the 
known exposures being copay and many of them highly 
altered and rotted. 

In general their mineralogic make-up is of biotite, olivin, py- 
roxene and melilite, with accessory magnetite, perovskite and 
apatite. Wherever sufficiently fresh material has been forth- 
coming, the presence of melilite has been noted, Smyth having 
sarly shown its presence in the Manheim rock and having 
‘recently detected it in some new material from the Syracuse 
vicinity. Alnoite is the name applied to a melilite holding 
peridotite. All the rock contains biotite and olivin in quantity, 
but the pyroxene is much more irregular in its occurrence. It 
is rare or else absent in the Manheim rock; while Kemp has 
shown that it is the main mineral of the ground-mass in the 
Dewitt dike near Syracuse. Likely some glassy base was 
present in nearly all occurrences. In all except the freshest 
rocks the olivin has gone to serpentine, and Smyth has described 
in detail the processes of alteration and decay. 

Chemical analyses. Since .these rocks are all considerably 
altered, analyses of them are not trustworthy if what is sought 
is the actual composition of the fresh rock. Yet, if the analyses 
are made from the freshest possible matérial they will give good 
evidence of the general character of the igneous magma, and of 
the closeness of correspondence of the rocks from the separate 
occurrences. 


1 2 3 4+ 

Sio. ate chee een er ate eee 36.8 Sou oo. 2 37.44 
ATO grit h te oe Ok ee 4.16 6.84 6.1 28.6 
FeO, ee yee oe Ce es ere n.d 12.26 8.53 11.92 
15 GB Yee secon ie et RP aL Wika 8.33 n.d 5.6 n. d. 
MBO Uc tes ek et ee an ake ee 25.98 21.38 20.4 1.97 
CORLOIN.S: V.je Gat lavals, REM Cea a 8.63 9.5 7.4 5.45 
NayOidcctien tateds eek eee hit nd at 97 
ISO cae ont att: Wake he moe en an 2.48 n.d 2,.88 1.02 
TOSS Sine. cee cc nicrein te cies ee eae ae 12.25 1D: 2 12.4 12.67 

SUM oiewkhiys 8) Ge dee eee 100 .27 98,98 99.26 100.04 


‘In no. 1 includes H,0 +6.93, H,0-.51, CO, 2.95, 
MnO .15; in no. 3 includes TiO, 2.25. 
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1 Dewitt dike near Syracuse. Darton & Kemp, op. cit. p.461, analyst, 
H. N. Stokes. 

2 Manheim, Herkimer co., C. H. Smyth, op. cit. p.325, analyst Smyth. 

3 Manheim, Herkimer co., C. H. Smyth, op. cit. p.262, analyst Smyth. 

4 Ithaca, J. F. Kemp, op. cit. p.412, analyst W. H. Morrison; analy- 
sis incomplete, and the alumina and magnesia determinations obviously 
incorrect. 

The first three of these analyses are of fairly fresh material, 
when the character of the rock is taken into consideration. They 
suffice to bring out clearly the close relationships of the rocks 
from the different localities, as evinced by the low silica and 
alumina and the very high magnesia. While these characters 
belong to the general rock group to which these rocks pertain, 
they are the only igneous rocks of the group known in the State, 
and therefore clearly represent outflows from the same subter- 
ranean source. So far as known, they are confined to the central 
part of the State, but the three localities are so widely separated 
that unquestionably others will be forthcoming. 


ROCK STRUCTURES 


The rocks of the Adirondack region may be separated into three 
main groups of widely separated age, owing to the fact that there 
have been three main periods of rock formation in the region, 
separated by protracted intervals of wear. The Precambric 
rocks constitute the first group, the early paleozoics the second, 
and the pleistocene deposits the third. The last are so recent 
as to be in substantially the condition in which they were depos- 
ited, unconsolidated masses of glacial deposits and of marine 
and fresh-water sands and clays. A vast time interval separates 
them from the paleozoics, which are all thoroughly indurated 
rocks, but which are otherwise ‘not greatly altered from their 
original condition, though they have suffered somewhat from 
earth stresses and movements. Another vast time interval sepa- 
rates these from the Precambric rocks, and the latter under- 
went profound changes in character during this interval. They 
therefore present structural features which are confined to them, 
as well as others which they share with the Paleozoic rocks. 


Foliation 
In the Adirondack region the Precambric rocks alone have 
suffered metamorphism, but they are so profoundly metamor- 
phosed, the late dikes always excepted, as to have been vastly 
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altered in character. The change consists, for the most part, in 
a recrystallization of their constituent particles, destroying their 
original textures and structures and developing new ones. The 
Grenville and Saranac rocks are the ones most affected and in 
large part have their original characters utterly destroyed. In 
the great igneous massés the changes are not so widespread and 
profound, so that often there is at least a partial preservation 
of their original characteristics. 

The old sedimentary rocks have lost all traces of lamination 
and nearly all signs of original bedding; they have undergone 
complete recrystallization, entirely obliterating their old textures, 
and, as a result of severe compression, have had a development 
of cleavable minerals along certain parallel planes, the mineral 
particles having a common orientation. This gives rise, on the 
part of the rock, to a capacity to split along such planes, and the 
structure is a variety of cleavage, and is known as foliation. 
Sometimes this new structure is parallel to the old bedding 
planes and sometimes it is not; often the latter can not be made 
out at all. In general the old limestones, now converted into 
coarse marbles, are the only sedimentary rocks which are not now 
foliated. This is because of the facility with which such rocks 
become crystalline, their rather uniform composition, such that 
they consist mainly of one mineral, and their comparatively great 
plasticity under pressure. 

The great igneous masses are, in general, much less foliated, 
though this is not true of many of the smaller ones, and specially — 
not of the older ones, those that seem to be of Grenville age. In 
considerable part the absence of foliation in much of the igneous 
rock is thought to be due, as in the limestones, to the fact that the 
rock is. largely constituted of a single mineral. Much of the 
anorthosite, and to a lesser degree of the syenite also, is quite 
purely feldspathic, the minerals which are most effective in pro- 
ducing foliation being present in but slight quantity, or not at all. 
Such rocks are often badly mashed and granulated, indicative of 
the great pressures which they have experienced, but with no 
production of foliation. But, with change in the rock composi- 
tion, with the formation in quantity of biotite, amphibole or 
pyroxene, more or less foliation is pretty sure to be induced in 
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the rock. In all the large igneous masses, the general more basic 
character of their peripheral portions has resulted in the forma- 
tion of such minerals there, hence their tendency to pass over into 
gneisses at their borders, a tendency so widespread as to be prac- 
tically universal. The gabbros of the region possess throughout 
a large proportion of such minerals, and in the writer’s experience 
they, though the youngest of the igneous rocks of the group, are 
much more uniformly gneissoid than are any of the others. True, 
comparatively unchanged cores remain in nearly every case, so 
that the original character of the rock may be demonstrated, but 
this is usually of small bulk in comparison with the hornblende 
gneiss, produced from it by metamorphism. 

In many of the granites also there is a great scarcity of the 
foliation-producing minerals, the rock being mainly, or wholly, 
constituted of quartz and alkali feldspars. These rocks are 
apt to lack foliation, and then not infrequently have a somewhat 
similar linear structure, the quartzes being drawn out into 
spindles and pencils, with a direction corresponding to the folia- 
tion direction of the inclosing rocks. A similar tendency may 
often be noted in the more quartzose syenites. This structure 
has only been noted in these quartzose rocks, hence a natural 
tendency to attribute it to the mineral composition. But 
coupled with that may well have been such slight differences in 
the mean and maximum pressures iin the rock that it suffered 
nearly equal shortening in two directions at right angles, and 
elongation merely in the third.t 

The foliation in the Precambric sediments seems, in general, 
to be parallel to the bedding, so far as the latter may be made 
out. Over the greater part of the district the dips are compara- 
tively steep, ranging in general from 20° upward. Judging 
from the writer’s own experience, and from the published data 
of other observers, the strike is seldom uniform over any con- 
siderable area, but is now to the northeast, now to the north- 
west. North and south, or east and west directions are much 
more infrequent. The shifting of the strike direction indicates 
that we are dealing with folded rocks, and that this is actually 
the case is readily demonstrated in-the Grenville sediments, 
but with difficulty elsewhere. It is also evident that the folds 
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have a considerable pitch, and the writer’s impression is that in 
the northern part of the region at least, the pitch is to the north. 
The major folds would seem to be broad and not excessively 
steep, but their limbs are corrugated by minor folds also, and it 
is in these that the steepest dips are obtained. 

The great igneous batholites of the Adirondacks are caisson 
in the east center of the region. Going west and south, a zone 
is passed through marked by increase in Girenville sediments 
and diminution of igneous rocks. On the west and south the 
sediments largely predominate. It is in these areas that the 
folds must be worked out, provided they can be worked out at 
all. If so, the knowledge thus obtained may be, perhaps, suc- 
cessfully applied to the elucidation of the structure of the more 
difficult interior area, more difficult because of the much larger 
content of poorly foliated igneous rocks. The writer’s work 
has been mainly in the latter district. It ought to be possible 
with good maps and careful areal work, to make out the axes of 
at least the larger folds. The folding was certainly done in 
Precambric times and while the rocks were buried at some 
considerable depth; hence it long preceded the period of diabase 
eruption, and these dikes are wholly unaffected by it. 


Folds 


Aside from the folding of the Precambric rocks, just noted, 
which was produced in Precambric times, the rocks of the 
region are but slightly folded. Along Lake Champlain the 
Paleozoic rocks are thrown into a series of very gentle folds, 
which have subsequently been so much faulted that the folding 
is not always apparent. Across the lake in Vermont the folds 
become rapidly more pronounced, but on the New York side 
only a trifling amount of folding has taken place. The dips 
are in general very low, and in many cases so flat that they are 
made out only with great difficulty. They are almost always 
below 10° and usually below 5°. In the few instances where 
they are steeper, the cause is usually found to be the tilting of 
a small fault block, or drag in the vicinity of a fault. A steep 
dip may usually be taken as an indication of proximity to a 
fault. However, the rocks are unquestionably slightly folded, 
marking in all probability merely the waning effects of the force 
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which produced the greater folds to the eastward. So far as 
observed, the folds trend nearly north and south. Minor fold- 
ing, of sometimes considerable amount, iis often observed in the 
near vicinity of faults, and in many cases at least is a result of 
the faulting, being apparently due to differential movement 
along the fault plane Such folds are small and rapidly die out 
with recession from the fault plane. 

Westward, along both the north and the south sides of the 
region, evidence of folding is progressively less evident. That 
there are low undulations of the strata can not be doubted, but 
such are found in nearly all districts, of even the least disturbed 
rocks, and can be located only with the most painstaking care, 
if at all. Slight local folds, sags is a better term, are not un- 
common in the limestones of the Mohawk valley, but seem to 
be local and not regional structures. 


Faults 


Precambric faulting. . The location and tracing out of faults 
in the Adirondack Precambric is an exceedingly difficult task, 
and, in so far as they have been located, their recognition has 
depended more on topographic than on structural evidence. 
The discrimination between Precambric and later faulting is 
trebly difficult, and for the most part has not been attempted. 
Practically all topographic indications of Precambric faults 
must have been obliterated during the protracted period of Pre- 
potsdam wear on the then land surface of the region. At the 
present day large faults of the sort could be most readily de- 
tected at the Precambric margin, by showing that the over- 
lying sediments had not been affected by the process. No such 
evidence has yet been forthcoming so far as the writer is aware. 
Yet there does seem to be evidence of at least some Precambric 
faulting. 

In the eastern Adirondacks, where diabase dikes abound, it 
is a frequent experience to find them faulted. Often the same 
dike will be faulted more than once within comparatively small 


distance. The recognizable faults of this sort are usually of very 


eo ee ee 
1Molds of this sort are shown on most of Brainard and Seeley’s excellent 


sketch maps of bits of the Champlain region. See for example Am. Mus. 
Nat. Hist. Bul. 8 :309-11, and Am. Geol., November 1888, p.326. 
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small throw, or at least of small heave, the dikes being shifted 
laterally a few inches, or a few feet. More rarely the fault is 
of sufficient dimension to cause the disappearance of the dike on 
one side, its new position being beyond the limits of the outcrop. 

Since these dikes are themselves of late Precambric age, the 
fact that they are faulted would indicate a very late Precambric 
age for the faulting, provided it is Precambric at all. The only 
evidence of such age is the fact that the later faults, so far as 
they have been made out, are less numerous and of larger throw. 
While this is suggestive, it is but slender evidence for making such 
a discrimination. 

As will shortly be shown, joints abound in the Precambric 
rocks. In numerous instances evidence of vertical slipping along 
these joints is forthcoming, the immediate rocks being much 
crushed and sheared, and the planes of slip thoroughly slicken- 
sided. Excellent illustrations may be found in the numerous rock 
cuts along the railroad between Saranac Inn and Floodwood, in 
Franklin county. The anorthosite is seen to be locally much shat- 
tered, abundant joints dividing it into parallel sheets of a thick- 
ness of from 2 inches to 4 inches, the rock material much crushed 
and sheared and the sheets slickensided on both surfaces. The 
whole zone so affected varies‘from a few feet to a few yards in 
breadth, grading off into the normal rock. The frequency of the 
phenomenon in these excellent exposures suggests that it can 
hardly be local, and that the fact that it has not been more widely 
noted may likely be owing to the general poor and unsatisfactory 
character of the usual exposures in the woods. That, in other 
words, it is a common occurrence. 

Here again the evidence that the faulting may be of Precam- 
bric age is merely the difference in character. The Paleozoic 
faults are fewer and of large throw, and so far as noted do not 
consist of numerous small slips along closely recurring joint 
planes, with the production of a multitude of slickensided sur- 
faces. Here again the evidence is far from conclusive. There is 
however a system of joints in the Precambric rocks which ante- 
dates the Paleozoic, since there are more joint systems in the 
former than in the latter rocks. If it could be demonstrated that 
the system of-joints along which this faulting took place was 
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formed in Precambric times, the case for the age of the faults 
would be made out, but this has not yet been successfully done. 
Kemp has described three diabase dikes cutting the ore body in 
the Hammondville iron mines, which he says fault the ore, rais- 
ing it about 15 feet in each case The dikes appear not to be 
faulted. If this be true, the faulting could hardly have been later 
than the time of dike extrusion. A later fault might, it is true, 


_ have paralleled the dike, but that this was the case ought to be 


readily made out in the exposure. This would seem therefore to 
be a veritable instance of Precambric faulting. 

The older Precambric dikes of the region, more specially the 
granite and pegmatite veins, are not infrequently found faulted 
repeatedly and in small amounts, as the diabase dikes are-[pl. 11]. 
Precise evidence of the date of faulting is equally lacking here. 

On the whole then it is to be said that, while demonstrative 
evidence of Precambric faulting to any special extent has not 
been forthcoming, it is nevertheless quite probable that such was 
the case, the faulting having occurred in rather late Precambric 
time, when, owing to the long continued surface erosion, the ~ 
originally deeply buried rocks had been transferred from the 
deeper zone of flow to the superficial zone of fracture. 

Paleozoic faults. As such may be classed in all probability all 
faults found in the Paleozoic rocks and many of those in the Pre- 
cambric. Faulting may well have been initiated in the region 
at the time of the uplift which terminated Lower Siluric depo- 
sition, and which was most marked on the east, being there accom- 
panied by some considerable disturbance of the rocks. The great 
earth disturbanees which prevailed in the Appalachian zone 
toward the close of the Paleozoic would seem more likely to have 
brought about the major faulting of the region. To the east and 
south of the district there was a time of disturbance, resulting in 
prolific faulting, in the Mesozoic; but, if the region in question 
was also affected, the results can not be discriminated from those 
produced in the Paleozoic. However, the Champlain and Mohawk 
faults are of a different type from those which abound in the 
Newark Mesozoic of New England and the Middle Atlantic states, 
which is evidence against their being classed together. 


2. S. Geol. Sur. Bul. 107, p.40. 
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~In the eastern Adirondacks there is some evidence of yet more 
recent faulting, which may have utilized the already formed fault 
lines, or constructed new ones, the former seeming the more 
probable supposition, though it is in general impossible to say 
which was the case. So far as known to the writer, the evidence 
for this later faulting is topographic simply, certain prominent 
fault scarps being difficult of explanation except on this assump- 
tion. 

These Paleozoic faults are for the most part readily made out in 
the marginal belts of Paleozoic rocks of the Champlain and Mo- 
hawk valleys. They are not so readily discoverable on the north, 
owing to the very low northward dip of the Potsdam and Beek- 
mantown formations there, the great thickness of both these for- 
mations and the northerly slope of the surface in the same direc- 
tion as the rock dip, giving them great breadth of outcrop; while 
their various beds are so similar lithologically and so unfossilifer- 
ous that precise horizons are not to be made out, in a district of 
such scanty outcrops. Enough evidence can be obtained however 
to show that the faults do occur, and that the conditions are 
quite like those on the south side of the region. The strong prob- 
ability is that the faults, or rather the faulting, extend clear 
across the region. Evidence of their presence is frequently forth- 
coming in the Precambric areas, but in these it will require 
the closest sort of areal work to disclose and to map them 
accurately. 

Faults most abound and attain greatest magnitude along the 
eastern border of the region. Thence westward they diminish in 
number and in importance, though large faults occur as far west 
as Little Falls in the Mohawk region, and at Potsdam on the 
north, and small ones, at least, are found still farther west. 

The greater breaks of the region are meridional, trending from 
a north-south to a northeast-southwest direction. .They therefore 
rudely parallel the strike of the Paleozoic rocks in the Champlain 
region, while in the Mohawk region, and on the north, they cut 
it at a high angle, forming what are known as dip faults, the 
others being called strike faults [fig. 3, 4]. The large majority 
of them downthrow to the east and with their rude parallelism 
divide the region into a series of strips, or slices, this slicing 
apparently characterizing the bulk of the Adirondack region. 
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In addition to these greater, meridional faults, differential 
slipping in the fault strips has resulted in the production of a 
multitude of cross faults, trending away from the greater ones 
at all angles, downthrowing now to one side and now to the other, — 
and thus dividing the strips into a number, often a large number, 
of blocks of varying size and shape, producing great confusion in 
the stratigraphy and tending to disguise the larger features of 
the region. These are mostly a feature of the Champlain region 
and have not the persistence westward of the meridional breaks. 
As a general rule, they have a somewhat east and west trend but 
with wide variation in direction. They downthrow now to the 
north and now to the south, with frequent production of small 
sunken blocks, downthrown on both the bordering faults. They 
are in general dip faults, shifting the rocks along the strike, while 
the large strike faults are apt to cause disappearance of a con- 
siderable part of the rock section of the district on the two sides 
of the fault [fig. 3,4]. Thus along the great Tracy brook fault, 
in Chazy township, the entire Beekmantown formation is faulted 
out, bringing the Chazy and Potsdam together on opposite sides 
of the fault. A small portion of the course of this fault is shown 
on the accompanying map [pl. 12]. Just within the map limits 
its course is more nearly northeasterly than is usual with the 
great faults and more nearly so than is the case with most of the 
course of this special fault. About 1 mile to the southeast a 
parallel fault is seen, and the strip which intervenes between the 
two is intricately cut up by a number of cross faults, much more 
so than is true of the district adjoining the strip on either side. 
Along this pair of faults the entire Beekmantown formation, at 
least 1500 and likely 1800 feet in thickness, is faulted out, together 
with an unknown thickness of the Potsdam, from 100 feet to 300 
feet at least, and a portion of the Chazy, so that the throw of 
the fault is 2000 feet or more. It is not a true strike fault, since 
the dips hereabout are swerving from an easterly, to a northeast- 
erly or northerly direction, but they are so low that the general 
effect of disappearance of a certain thickness of strata from the 


1The Mohawk valley faults and some of the larger Champlain faults are 
well shown on the large geologic maps of the State. The two. large 
scale maps of portions of Clinton county [pl. 12, 13] better illustrate the 
general character of the faulting in the Champlain district. 
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Figure 8 illustrating a strike, and figure 4 a dip fault. FF is the fault plane, AA, 
BB, and EH indicate the dipping rock layers. In the former figure the fault plane 
cuts the surface parallel to the strike, causing a strike fault, in the latter the 
strike is cut at right angles, producing a dip fault. On the left the unfaulted 
block is shown, with the position of the fault dotted. In the center the conditions 
prevailing shortly after completion of the faulting are shown, the downthrow block 
on the right, and with the prominent fault scarp. On the right the conditions pre- 
vailing after sufficient time has elapsed for wearing away the upthrow block down 
to the level of the other side. or rather for wearing the two sides down to a uni- 
form level, are indicated, this being approximately the condition of most of the faults 
of the region at the present time. In the strike fault this results in the entire dis- 
appearance from the surface of the stratum BB, in the vicinity of the fault, the 
actual thickness of rock so disappearing being comprised in the space between the 
dotted lines on either side of BB. By varying the amounts of hade and dip, or 
their directions, repetition of strata at the surface, instead of disappearance, may 
result. In the dip fault the effect is to shift the outcrop of a given stratum, so 
that in an old fault, the surface having been worn down, the ends are shifted for- 
ward or back, as the case may be, on opposite sides of the fault, as BB is shifted 
in the diagram. The amount of this shifting increases with increased throw of the 
fault, and diminishes with increased dip of the rocks. Kew faults meet these condi- 
tions of correspondence with dip or strike direction exactly, but many make such 
slight angles with these directions that they are practically fulfilled. 
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surface is similar. The small fault blocks in the intervening strip 
have been updragged by the faulting, giving them a pronounced 
dip, in general 10° or more, away from the fault plane toward 
the southeast. Hence the faults that cross the strip are quite 
typical dip faults, and the lateral shifting of corresponding beds 
on the two sides of a fault is plainly brought out on the map. 
Owing to the steep dip, the more resistant rock layers involved 

appear as low, sharp backed ridges, and the lateral shifting of 
these, as a fault is crossed, is a prominent, minor feature of the 
topography. In the most northerly pair of these faults shown 
on the map, the north one throws to the north and the south one 
to the south, so that the middle block has been upthrown between 
the two others. Just the reverse is true with the pair just south 
of Chazy village, the middle block having been downthrown be- 
tween the two adjoining blocks. On the east and west edges of 
the map faults are not indicated simply because outcrops are 
not sufficiently numerous, or sufficiently definite, to permit of 
their location. That they are there is quite certain. 

Plate 13 shows the faults in a portion of Plattsburg and Peru 
townships, so far as the outcrops will admit their being located. 
One very extensive fault of the meridional class, the Plattsburg 
fault, runs across the map limits from north to south, exposing 
Beekmantown rocks constantly on the west side and either Chazy 
or Trenton on the other. The throw of the fault causes the dis- 
appearance of the major part of the Beekmantown formation and 
may be safely set down as at least 1000 feet. Toward the north 
the throw diminishes, and another great fault develops, the Beek- 
mantown fault, the two coalescing at the north limits of the map 
and extending on beyond as a single fault of very large throw. 
Between the two a wedge of Chazy is brought up, with Beekman- 
town rocks on one side and high Trenton on the other. At the 
point of junction the Chazy is pinched out and the Beekmantown 
and Trenton rocks adjoin across the fault. There are two cross 
faults in this Chazy wedge, two on Valcour island, one on the 
mainland at Valcour and another just north of Bluff point, as 
well as several small ones in the shales on Cumberland head, and 
one on the south edge of the map at Lapham, which brings up the 
Potsdam against the Beekmantown. Lack of outcrops prevents 
the location of others. 
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“Such conditions everywhere characterize the country along 
Lake Champlain. Wherever any bit of it has been mapped in 
detail, one or more faults are sure to be disclosed. They consti- 
tute the most prominent and characteristic structural feature of 
the region. 

The faults of the Mohawk valley have been most carefully 
studied and described by Darton.! They are inferior to the 
greater Champlain faults in number and in size, and the numerous 
cross faults which characterize that region are less manifest or 
are lacking here, the faults all having a north to northeast trend, 
with rude parallelism. Four large faults only, cross the Mohawk 
valley, the Hoffman, Noses, St Johnsville and Little Falls faults, 
[pl. 14] though there are several minor ones of less magnitude and 
extent. Others occur to the northeastward in the Saratoga 
region, and there must be still others which remain yet undis- 
covered. 

None of these faults have been traced to any distance on the 
south side of the Mohawk valley, and it is not certain whether 
they disappear there, owing to dying out, whether they are there 
but are difficult to trace, owing to unfavorable conditions, or 
whether they apparently disappear because the overlying Upper 
Siluric and Devonic rocks were not affected by them. The 
matter is of importance as giving evidence of the date at which 
the faulting took place. So far no rocks younger than the Utica 
and Lorraine shales are known to be involved. If it could be 
shown that the younger rocks to the south of the valley were also 
affected, the probability of their Carboniferous age would be much 
strengthened, or at least any correlation of their date with that 
of the Taconic disturbance would be rendered impossible. 

The only one of these great Mohawk faults with which the 
writer is on terms of intimacy is the Little Falls fault. With the 
remainder he has but passing acquaintance. According to Darton 
all are normal faults with nearly vertical hade, and all down- 
throw to the east, with the single exception of the comparatively 
small Dolgeville fault. The throw of the Little Falls fault, where 
it crosses the Mohawk, is not far from 800 feet, and it maintains 
approximately the same throw for several miles to the northward. 
The St Johnsville fault has branched and is fast diminishing in 


14th An. Rep’t State Geol. 1894. p.33-54, 


ie Plate 14 
BULLETIN § 95 


LEGEND. 


¢ 
Baliston/ 
< 2 slates | 
i Lorraine to Utica Slates 
Z 24 
Trenton to. Lowville 
Fore Limestones 
thi Beekmantown 
Limestone 
—— ; Potsdam Sandstone pecs Be 
> + 
DY | A Paced 
Ce 
SY Faults ee 


HENECTADY._—_—dUncertain Boundarias ---...-.... Dies 


es anak dng 


GEOLOGY OF THE NORTHERN ADIRONDACK REGION 411 


throw near the river, but it increases rapidly northward, Utica 
shale on the east side adjoining Precambric rock on the other, 
so that the throw there would seem of equal magnitude with that 
of the Little Falls fault. The Noses fault involves the entire 
thickness of the Beekmantown and Trenton formations, the latter 
only 17 feet thick here, together with an unknown amount of the 
Utica. The two former aggregate 500 feet, so that a minimum 
value is thus given, to which must be added the thickness of Utica 
involved. According to Prosser the Hoffman fault throws out the 
entire. Utica and Trenton and some of the Beekmantown, so that 
its throw is just about 1600 feet It is, then, the greatest of the 
Mohawk faults, as it is also the most easterly. 


Fig. 5 To illustrate extension owing to normal faulting. First, the unfaulted 
block is shown with the position of the fault plane, second, the block after faulting, 
with the original position dotted. The lateral extension, or heave, is manifest. The 
hade of the fault is 15° and the lateral extension about one fourth of the vertical 
displacement. 


This whole faulted district closely adjoins on the west the 
district of Appalachian folding. This is a region of sharply com- 
pressed rocks, producing folding and thrust faulting. The region 
under consideration was but slightly affected by these forces, 
thrust faults being absent and folds present only in the most 
minor degree. Normal faults are however abundant, in fact are 
present in both districts. But normal faulting implies surface 
tension instead of compression, since, except in cases where the 
hade is absolutely vertical, the rocks have greater lateral extent 
after the faulting than before [fig. 5]. Since absolutely vertical 
faults are exceptional, much normal faulting in a district of 
parallel faults must produce a respectable amount of surface ex- 
tension. The period of tension would seem to have followed that 


1N. Y. State Mus. Bul. 34, p.476. 
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of compression, as is apt to be the case, and this also argues for 
the late Paleozoic date of the faulting. 


Joints 

All the rocks of the region are cut by joints, but they are spe- 
cially abundant in the Precambric rocks. Since joints can be 
formed only in the zone of fracture, their development in these 
rocks must have been long subsequent to the formation of folds 
and of foliation, during which interval the rocks had been ap- 
proaching the surface because of wearing away of what was above. 
The joints which are found in the Precambrie rocks and not in 
the overlying paleozoics must be of Precambric age. 

Joints may be produced either by compression or by tension. 
Those of the latter sort are usually vertical or nearly so, while 
those of the former may be either vertical or inclined. The sim- 
plest case of tension jointing is the production of columnar joint 
cracks in igneous rocks owing to contraction on cooling. Some of 
the joints of the dikes of the region are of this class, it being the 
invariable experience that they are more excessively jointed than 
are the inclosing rocks. The solidifying and cooling of the great 
igneous masses of the region, however, took place at such great 
depths as to be below the zone of fracture, and hence they lack 
joints of this character, being neither more nor less jointed than 
are the neighboring gneisses. 

Tension joints may also be produced by the desiccation of 
marine sediments underground, and this cause may have operated 
somewhat in the production of joints in the Paleozoic rocks, 
though it is doubtful. 

Another very likely cause of the production of tension joints 
is the slow reduction of temperature brought about in rock masses 
as they approach the surface because of the slow removal by 
erosion of the overlying rocks. Though the process is an exceed- 
ingly slow one, and the changes of temperature involved are not 
large, yet, considering the great areal extent of the rocks con- 
cerned, the necessary contraction would seem considerable, and 
likely to much exceed the elastic limit of the rocks. 

Where rocks are folded in a complex manner, as is usually the 
case, torsional effects are sure to be produced, which result in the 
production of two sets of joints, one running parallel to the axes 
of the major, and the other to the axes of the minor folds. 
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Compression of rocks in the zone of fracture may give rise to 
jointing which follows the shearing planes. There would be two 
different joint sets, which would cut the surface parallel to each 
other. Such joints would be inclined instead of vertical, the 
_ amount of inclination depending on how largely the shear was de- 
termined in direction by preexisting planes of weakness, such as 
bedding or foliation planes. In simple folding both sets of such 
joints would be parallel with the strike of the beds, one dipping 
with, and one against them. 

The Adirondack Precambric rocks are much jointed. It is 
however a difficult region in which to obtain accurate measure- 
ments of the hade of the joints, though observations on the strike 
are easily obtainedt Moreover, in much of the district the rocks 
are igneous and poorly foliated, baffling any efforts to determine 
the structural significance of the joints. The writer’s observa- 
tions have been mainly made in such districts and are not yet 
sufficiently extended and worked out. Certain things are how- 
ever clear. 

The Precambric rocks are much more conspicuously jointed 
than are the overlying paleozoics, implying a time of joint forma- 
tion prior to the deposition of the latter. 

Joints are not equally conspicuous in all of the Precambric 
rocks, being least prominent in the limestones, and most so in the 
great igneous masses, implying some joint formation while the 
rocks were at sufficient depth to render the weak limestones some- 
what plastic, though the igneous rocks were thoroughly rigid. 

Four sets of joints are usually to be made out in the Precam- 
pric rocks, though all four are seldom present in any given 
exposure. Though varying considerably in direction from place 
to place, they can be apparently referred to two main sets, the one 
consisting of a pair of north-south and east-west joints and the 
other of a pair of northeast and northwest joints, both sets 
swerving in direction through 15° or 20°. In some exposures one 
set is the more prominent, in some the other set; in many at least 
three of the four show, and not infrequently all four. The north 
and east joints are usually vertical, or nearly so, while the others 
frequently show a greater hade. Not uncommonly, specially in the 


1As in the case of a fault, the hade is the angle of inclination from the 
vertical. 
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great igneous masses, a nearly horizontal set also appears, but 
this is more intermittent and less regular ‘than the others. 

Since the usual foliation strikes of the region are either to the 
northeast or to the northwest, it is likely that the inclined joints 
in those directions represent compression joints in the shearing 
planes, these being more or less controlled by the foliation. An 
instance of the sort is illustrated in plate 15. The cliff there 
shown is a joint cliff, with a n. 50° w. direction, an important 
joint direction in the vicinity. Two sets of inclined joints cut the 
face of the cliff, both of which have a strike of n. 30° e. The one 
has a fairly uniform hade of 35° to the northwest, while the other 
is much more irregular, often swerving into a horizontal position, 
but in general hading to the southeast. The rock is augite syenite, 


with a very rude and imperfect foliation, which strikes about 


n. 40° e., closely approximating the strike of the joints. At the 
right of the view another joint set appears with a n. 70° e. strike 
and a hade of 15° to the south, and there is yet another nearly 
vertical set, not appearing in the view, which has a n. 20° w. 
strike. It would seem very likely here that the n. 30° e. joints 
are compression joints, produced in the shearing planes. 

Such instances as the above are rather exceptional, however, 
and the usual, nearly vertical joints which prevail throughout the 
region have not yet been successfully classified. That at least 
an east-west system had been developed in Precambric times 
is indicated by the prevalence of that trend in the diabase dikes. 
They vary from it through 20° or 30° both to the north and 
south, but within those limits have it so uniformly as to indicate 
not only the presence of a fissure system with this trend, but 
also that this set constituted the line of least resistance to the 
upward movement of the molten rock. This might have been 
because this was the only, or the best developed set, but more 
likely the use of it to the exclusion of other sets was determined 
by the direction of the side pressure which prevailed at the 
time. 

That minor faulting has often occurred along these joints has 
already been set forth. It has not yet been determined whether 
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1Such for example as the n. 50° w. series of plate 15, well shown also in 


plate 16, a nearly vertical set which is quite persistent over a very large 
area in the mid-Adirondack region. 
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this slip faulting is of the normal or reverse type, that is, 
whether it took place under conditions of tension or of compres- 
sion. But the whole aspect of the exposures indicates the 
action of compressive forces. The best localities for observing 
the conditions are in the rock cuts along the New York Central 
and Hudson River Railroad west of Saranac Inn station. All 
of these show the anorthosite to have been much shattered and 
sheared, with alteration of the feldspar to saussurite where the 
action has been most violent. There are four main sets of 
joints shown in the exposures: a nearly vertical n. 50° w. set, the 
steadiest and most persistent of all; a nearly vertical n. 80° e. 
set; a somewhat erratic set, shifting from n. 45° e. to n. 15° e. 
and not vertical; and a n. 20° w. set, often with a hade as 
high as 40°. The two latter are the ones which show shearing 
and slickensiding, and more specially the last one. The shear- 
ing planes are closely spaced, dividing the rock into very small 
blocks, and the minerals are much broken and brecciated. Both 
these sets appear to be compression joints, representing likely 
two different periods of compression, and the effect of the shear- 
ing would be much more likely to produce compression faulting 
than tension faulting. The brecciated rock recalls other brec- 
ciated strips of the region, notably those described by Kemp 
from Hammondville, Essex co.1 These breccias sometimes have 
a chloritic matrix, but more often one in which quartz and chal- 
cedony predominate and form hard, resistant rocks, so different © 
from the rather loose masses of fault rock which characterize 
the Paleozoic fault planes of the region that they would seem 
unquestionably to be much older. That they mark lines of 
faulting is certain, and the Precambric age of this faulting would 
seem beyond dispute. 

The Paleozoic rocks are invariably jointed, but in general 
but two sets are to be made out, they being vertical and at right 
angles to each other. They show a somewhat varying direction, 
but usually the more prominent set has a north-south trend, 
with the minor one running east-west. They are most irregular 
and least clean cut in the massive Potsdam and Beekmantown 
beds. They have approximately the direction of two of the 
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sets in the Precambric rocks, but, because they appear less 
well marked, some hesitancy is felt in ascribing both to a single 
time of joint formation, specially in view of the evidence for 
the prior existence of at least an east-west set in the Precam- 
bric rocks. It is inferred rather that the coincidence in direc- 
tion is merely a coincidence. 

In the shaly rocks of the Cumberland head series, in the 
vicinity of Lake Champlain, the stresses which accompanied the 
folding of the district to the eastward were sufficiently felt to 
produce cleavage in the weak shales, though the more massive 
limestones and sandstones beneath were not affected. These 
shales are found cut by closely parallel cracks with hades of 
from 380° to 60°. The beds lie nearly horizontally, and this 

cleavage angle indicates rather a formation of fissility along 
the shearing planes than a true vertical cleavage in the com- 
pression plane. Sharply cut, vertical joints are also present, 
often in three directions. While the writer has never observed 
a like structure in any of the Champlain Utica which he has seen, 
yet the Utica always shows more indications of compressive 
disturbance, so far as folding is concerned, than any of the 
remaining Paleozoic rocks of the region. The explanation is 
undoubtedly to be found in the weak nature of the rocks as 
compared with the massive, resistant limestones and sand- 
stones beneath, so that folding and shearing were produced in 
them by forces insufficient to affect the others correspondingly. 


TOPOGRAPHY 


Introduction 

The topography of any old land area is a resultant of the 
joint action of two great sets of processes. Arising from be- 
neath sea level with the comparatively smooth surface which 
it possesses because of the rather uniform deposit of sediments 
on it, it becomes at once subject to the erosive processes which 
hold sway on all land surfaces, in which atmospheric and 
aqueous agencies act jointly, but in which running water plays 
the major role. From time to time it falls under the influence 
of forces such as that which originally brought it above the 
sea level, forces originating in the earth’s interior in waysi not 
well understood. These vary its altitude with respect to that 
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level. The forces of erosion work incessantly and according to 
stereotyped methods, but cease their activity at sea level, hence 
tend to wear down the lands to a gently sloping surface, rising 
inland with recession from the shore line. The longer these 
agents are permitted to work at this task, without interruption 
from the other set of forces, the larger the proportion of the 
whole task which will be accomplished. The streams will pro- 
gressively cut their valleys down to this slope, or grade, after 
which the work consists mainly in valley widening, bringing a 
steadily greater amount of the region down to the new level, 
with a constantly diminishing portion remaining at the old. 
During the progress of the work a varied topography will be 
produced, depending on a host of minor factors, rock arrange- 
ment and rock resistance being the two most important. The 
weak rocks will yield most quickly, and many of the streams will 
adjust themselves to these weak rock belts. The more resistant 
rocks will persist longer at the old levels, hence tending to be- 
come stream divides. The weak belts may be owing to weak 
rocks or to structural lines of weakness. The rock dip is a most 
important matter in determining the character of the valleys 
and uplands. Where it is gentle, flat topped divides and a tend- 
ency to radial valleys result. Where it is steep, parallel val- 
leys and sharp backed ridges are produced. 

Given sufficient time, the resistant rocks slowly reach the 
lower level, and the surface becomes comparatively smooth, the 
interstream areas having low, gentle slopes, with perhaps here 
and there a low hill or ridge of extraresistant material. Be- 
ginning as a plain, the district reappears as a plain, though 
less smooth than before. Such an erosion surface is known as 
a peneplain. 

If now this process of wear is interrupted at any stage by 
an oscillation which changes the relative level of land and sea, 
the grade of the streams is altered, and the whole erosion pro- 
cess must recommence its work with reference to this new grade. 
If the movement be an upward one, the streams at once com- 
mence the task of cutting down the region to this new level, 
leaving their old task in the condition in which the beginning 
upward movement found it. Such portion of the region as had 
been worn down to grade, will carry this evidence of graded 
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condition upward with it to the new level, where it will persist 
for a considerable time and furnish evidence of a former graded 
condition at the lower level, as well as that the level has since 
been uplifted; its altitude above the new grade which the 
streams reach will also give the vertical amount of the uplift 
for the locality. 

Prepotsdam topography 

During the long existence of the Adirondack region as a land 
area, it has twice remained at a given level for a sufficient length 
of time to permit the reduction of almost its entire surface to 
the graded condition.. The first occasion was in Prepostdam 
times, and the comparatively smooth surface on which that and 
the succeeding deposits were laid down, as shown on: all sides of 
the region wherever this surface can be seen passing beneath the 
Paleozoic rocks, is the result. At the beginning of Potsdam time 
the district seems to have presented the aspect of a low, irregular 
dome, whose slopes were the gentle ones of the stream grades, 
and whose longer axis, or main watershed, extended across the 
region in a southeasterly direction, along a line running from a 
little north of Watertown to a little south of Albany, and also 
extended northwesterly into Canada. The streams drained away 
from it in all directions, but principally to the northeast and 
southwest. This axis does not divide the present Adirondack 
region into halves, but lies well toward its southwestern: border, 
so that, at the commencement of Potsdam time, the sea was close 
at hand on the northeast Adirondack margin, but was many miles 
distant from that on the southwest; consequently the depression 
carried the one area below sea level, while the other still con- 
tinued as a land area. This effect was accentuated by the more 
napid subsidence on the northeast. Thus the sands, carried down 
by the streams and washed about by the waves, are now found 
only on one side of the district; on the other they did not reach 
the region, and now lie miles away from its margin, buried deep 
under newer deposits. 

The surface covered by the Potsdam deposits on the north and 
east sides of the district, is found to be much rougher than that 
on the southwest, which remained unsubmerged during this time 
and was not reached by the sea till the following Beekmantown, 
or Trenton; and it is thought reasonable to suppose that thiv 
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greater smoothness is owing principally to this added length of 
time during which it was undergoing wear. Its irregularities are 
comparatively few and small; it seems a quite typical peneplain. 
On the north the irregularities are many and often considerable; 
are the rule rather than the exception. The surface is quite 
hummocky and hilly, and the contact line an irregular one. The 
supposed evidence is perhaps exaggerated in importance, owing 
to the possibility of undetected faults in certain localities, but is 
abundant even should all doubtful evidence be eliminated. It 
does however seem to be true that the irregularities are mostly 
of a minor order of magnitude, so that, when the tremendous 
thickness of rock material which was removed in this Pre- 
cambric interval is taken into account, with the several up- 
lifts, and the quite respectable altitude at times which are thus 
indicated, the surprise is not that the surface is so rough, but that 
it is not vastly rougher. Maximum differences of level of but 
a few hundred feet are all that are involved, and these compara- 
tively seldom. Whether the surface were not sufficiently smooth 
to be worthy of the name peneplain, is merely a matter of the 
personal conception of such a surface which different individuals 
may hold. 

The writer has shown that, in the Little Falls region, the present 
inclination of this old surface is about 100 feet per mile toward 
the south. The Beekmantown and Trenton rocks which rest on 
it have a present dip in the same direction of about 70 feet to the 
mile; whence, if we assume that they were deposited in a horizon- 
tal attitude, we obtain a slope of 30 feet to the mile as that 
which the old surface possessed at the time when the Paleozoic 
rocks were deposited on it. While this is a gentle slope, it is too 
steep for one graded by stream action and suggests that the move- 
ment of depression itself resulted in some further tilting of the 
surface. Little or no direct evidence has been obtained in other 
districts as to its amount of slope. 


Paleozoic topography 
If the Utica sea overswept the entire region, and all the available 
evidence seems to indicate that it did, then the region arose from 
beneath sea level with a smooth, constructive surface whose slopes 
depended mainly on the character of the uplift. But of this we 
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are in almost entire ignorance. Nor is there any evidence as to 
the altitude above sea level given to the region. Subsequent 
depression and deposit on the southern flanks of the region indi- 
cate that much of it had slopes to the south and southwest. 
How much effect the Taconic uplift may have had on the eastern 
border is a question, but the possibility of a sagging along the 
line of the Champlain valley, implying an easterly slope to the 
eastern part of the region, must be kept in mind. It seems there- 
fore likely that the original character of the region, that is a low, 
domelike elevation, which slowly sank beneath the encroaching 
waters of the various early Paleozoic marine invasions, till it was 
finally overtopped, was renewed by this Postutica uplift, and that 
the elevation was of the low dome type. Its apex, however, was 
likely shifted from its former position in the southwest and moved 
northeastward. The effect of such an uplift would be to increase 
somewhat the slight initial dip of the sediments outward from 
the dome jn all directions. An alternative view is that the region 
was merely an extension of the land areas which certainly existed 
to the north, and to the east during this time, and that it thus 
sloped, as a whole, to ithe southwest. In either case drainage 
would set up on the new surface, and would consist at first prin- 
cipally of streams which flowed down the sloping surfaces, or 
across the strike of the underlying rock beds. As they cut valleys, 
tributaries would commence to form, and these would adjust 
‘themselves to the rock beds, developing mainly on the weakest 
and flowing along their strike. With further uplifts, if such 
occurred, these would tend to extend themselves at the expense of 
the smaller original streams and lead them off as tributaries to 
the larger ones. 

The Paleozoic cover on the old Precambric floor could not 
have been thick over the central portion of the region, and would 
likely have been first cut through there, reaching the resistant 
Precambric beneath. The area thus exposed would slowly 
increase in size, faced constantly on all sides by the retreating 
margins of the overlying rocks. These not only were of unequal 
resistance, but progressively increase in resistance downwards. 
Thus the Utica is weaker than the Trenton, that than the Beek- 
mantown, while the Potsdam is most resistant of all to wear. 
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Consequently each would tend to be stripped away somewhat 
more rapidly than what lay beneath; thus a terrace would be 
produced on the bared surface of each more resistant layer as the 
weaker material above was removed [fig.6]. This is the general 
character of topography which is everywhere produced in dis- 
tricts where the rocks lie nearly flat, are of unequal hardness and 
are undergoing wear. How much progress was made in its pro- 
duction, and how great an area was stripped of its Paleozoic cover 
during this special interval, it is impossible to say. With the 
passage of time, and with the increased possibility of wear 
brought about by later uplifting, the fronts, or infaces, of these 
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Fig. 6 Diagram to illustrate the condition of the Adirondack region after the 
Postutica uplift, and the production of terraces by later wear. Vertical scale and 
dip much exaggerated. P, B, T and U indicate the Potsdam, Beekmantown, Trenton 
and Utica formations respectively, resting on the Precambric erosion surface. Erosion 
has not yet cut to sufficient depth to expose the Potsdam, so that its terrace is lack- 
ing, and the condition shown is quite like that which is found on the south and west 
sides of the region today, though in a somewhat modified form on the south. Obviously 
the depression produced by the opposing slopes of the Precambric floor and the 
Beekmantown inface, would influence the location of a stream, and the Black river 
on the west, and certain creeks on the south side of the region, such as Spruce creek 
in the Little Falls region, are found today occupying precisely that situation. 


terraces would steadily retreat away from the center of the region, 
without however changing their general character. They are 
today prominent on the south and west sides of the district, 
where they are accompanied and influenced by the infaces and 
terraces of the later Paleozoic rocks which there overlie them. On 
the east and north they are not conspicuous, owing to a variety 
of causes. 
Appalachian uplift 

The long period of Paleozoic erosion was terminated by uplift 
of the region, the movement being merely the local manifestation 
of the widespread movement of uplift and of dislocation which 
terminated the Paleozoic era in eastern North America. The 
forces which folded the region to the eastward, affected the 
Adirondack district but slightly, and the rocks are not folded. 
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But in the reaction of the region from compression, tension 
faulting took place on a large scale, and its eastern portion was 
sliced by the series of meridional faults which cross it. Since 
these uniformly downthrow to the east, they produced a step- 
like topography of eastward facing fault scarps, with intervening 
terrace platforms. In the Champlain region the faults were 
numerous, and often of large throw, their combined effect being 
to cause a rapid drop in altitude eastward, and to produce a 
depression along the Champlain meridian. But at the same time 
the region still further east was uplifted, mainly by folding and 
thrust faulting, thus outlining the Champlain valley as a great 
structural depression, or trough, closely coinciding in position 


Fig. 7 Diagram of a single normal fault to illustrate the local character of the sur- 
face derangement. The rock layers on the upthrow side are given a dip away from, 
and those on the downthrow side a dip toward the fault plane, but at the ends of the 
figure the rocks remain as before the faulting. 


with the previous depression of the Chazy basin. The region 
directly to the west of this depressed strip was given considerable 
altitude by the general elevation, and it seems likely that it 
formed then, as now, the most elevated portion, with a rapid step- 
like drop to the east, and a gentle and more even slope toward 
the west. Passing westward, the faults become much fewer in 
number, and, while they interrupted the prevailing westerly slope 
with their scarps, the interruption was but local [fig.7]. This 
is well illustrated by the Mohawk valley faults, in whose vicinity 
a strong increase in the westerly component of the dip is always 
observable, which flattens back to the normal amount with in- 
creasing distance from the fault. 

In some few cases trough faulting was brought about by a 
pair of faults throwing in opposite directions, and depressing 
the block between. Between the Little Falls and Dolgeville 
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faults in the Mohawk valley was a block of this sort. Appar- 
ently the Paleozoic inlier at Wells, Hamilton co., is preserved 
in a similar trough. In the Precambric areas to the north, 
specially in the high Adirondacks, the topography often sug- 
gests faulting of this sort. And, as has been shown, cases of 
this kind are not infrequent between the minor cross faults in the 
Champlain region. 

In addition to the modification in the topography produced 
by the erection of the fault scarps, the faulting must obviously 
have affected the drainage. Stream courses would be obstructed 
by the scarps and the streams turned into parallelism with 
them, tending to flow along at their bases; and the crushing 
of the rocks along the fault plane would produce a line of weak- 
ness there, which, even after the disappearance of the scarp 
through wear, would tend to hold the streams there. 


Mesozoic base-leveling 


This uplift, which terminated the Paleozoic history of the 
region, obviously renewed the.activity of the erosive processes, 
and the task of cutting down the region toward the new base 
level thus given it was begun. Though the evidence is not as 
clear as could be wished, it points to the region having remained 
at this newly given level for a long time, long enough to per- 
mit the wearing down of the major portion to a comparatively 
even surface at this new stream grade. In other words, it was 
worn down to a peneplain, above whose general level certain 
hills of various altitudes arose, none of which exceeded 1000 feet 
in elevation, which had resisted somewhat the general wearing 
tendency, mainly because of advantageous situation. The in- 
facing escarpments of the Paleozoic rocks retreated well away 
toward the margins of the region, till the weak belts reached 
grade, after which the escarpments would disappear as the 
stronger rocks slowly came down to the same level; the fault 
scarps also disappeared, both sides coming down to the general 
level; the streams which were flowing parallel to the sides of the 
region, adjusted to the weak rock belts, would accompany these 
belts in their movement away from the heart of the region; 
they would also increase in size by the capture of many of the 
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outflowing streams, leaving only the largest and most advan- 
tageously situated of these in their old courses. 

It has been shown that the later Mesozoic was a time of wide- 
spread base-leveling over much of the eastern United States, 
notably in the Appalachian region and in southern New Eng- 
land. While subsequent wear has removed much of that old 
surface, the many fragments that yet remain indicate, by their 
concordant summit levels and by their level ridge crests, that 
they are remnants of a former plain; and that it was an erosion 
plain is shown by the fact that its surface is notably discordant 
with, or bevels, the rock beds. An extensive erosion plain of 
the sort can only be produced, on a land surface, at stream 
grade, and during a protracted period of comparative stability 
of level. 

It has been further shown that this plain has been tipped 
by subsequent movements, the evidence for which is the present 
diminution of altitude in certain directions. Thus the uplift 
of the Cretaceous peneplain of the Appalachians was greatest 
along a n.n.e-s.s.w. axis, from which the old surface drops 
both to the east and to the west. The uplift was also unequal 
along the axis, being greatest in Virginia and descending both 
to the north and the south. The peneplain of southern New 
England, which is supposedly of the same age, is strongly tipped 
toward the south. 

This uplift was followed by another period of comparative 
stability, during which large progress was made iin reducing the 
surface of these districts to the new base level. Thig interval 
was not, however, so protracted as the previous, so that the 
region was only partially base-leveled. Broad valleys were 
opened on the weak rock belts, while but little progress was 
made in the reduction of the resistant rocks, which remain sub- 
stantially at their previous level, and form today the remnants 
of the Cretaceous peneplain. The widely opened valley bot- 
toms on the weaker rock belts, with their concordant altitudes 
when compared with one another, furnish the main evidence for 
a long stability of the region at this grade. 


*Campbell has recently urged the presence of a base level intermediate 
to these two, from evidence obtained in northern Penney natin and southern 
New York. Geol. Soe. Am. Bul. 14 :277-96. 
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This is no longer the grade of the region, a comparatively 
recent movement having elevated it, and the streams are now 
busily engaged in the task of getting their beds down to the 
new grade and of widening their valleys. They are yet far 
from being thoroughly adjusted to the new conditions. 

Peneplains 

It would seem inherently probable that the Adirondack region 
participated in the actions outlined, but several causes conspire 
to make the evidence less clear than in the other districts men- 
tioned. In the southern and western portions of the region, 
however, the hilltops do, in general, rise to quite concordant 
levels, which are wholly independent of the rock attitude and 
structure, and the inference is irresistible that they rise to the 
level of an old and comparatively even erosion surface, quite 


Fig. 8 Somewhat ideal section from north to south across the Mohawk lowland. The 
Cretaceous peneplain surface extended across the region from A to D. Following the 
uplift, the intervening region has been worn down, owing to the weak character of 
the limestones, Sb, and the shales, Su. The harder rocks at A, and from C to D, 
haye resisted wear and remains at the old level. Erosion has not yet reached the 
horizon of the Potsdam sandstone, Cp. The wearing away of the limestones has bared 
the. underlying Precambric rocks from B to C, exposing the old, Precambric 
erosion surface, which meets the Cretaceous peneplain at a small angle, which the 
large vertical exaggeration of the diagram makes altogether too prominent. 
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Fig. 9 shows the angle drawn to true scale, the upper line representing the CD, and 
the lower the BC slope. 
likely a product of the same great erosion period which else- 
where developed the Cretaceous peneplain. The probability is 
hightened when it is seen that the prolongation of this surface 
southward, above the Mohawk lowland, to the plateau of 
southern New York, finds it in close correspondence with the 
upland levels there, as if the two were developments of the 
same great surface [fig.8]. In both districts, too, this surface 
is now tipped to the west. 

This old peneplain is best preserved in Hamilton county, though 
well marked also in Herkimer and St. Lawrence. On the 
west and south margins of the region it is replaced by another 
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erosion surface of different slope and origin. This has its rise 
in the very resistant character of the Precambric rocks when 
compared with the overlying paleozoics, specially in districts 
where the Potsdam sandstone is thin or is absent, as it is on the 
west and south. During a cycle of wear, these weaker rocks are 
stripped away from the underlying Precambric, whose old ero- 
sion surface thus reappears, and tends to maintain itself for a 
time, owing to its extraresistant character [fig.8]. Thus is pro- 
duced a considerable strip of Precambric rocks on these two 
sides of the region, with an even hilltop line, which comes to this 
level, rather than to that of the Cretaceous peneplain. It, how- 
ever, slowly rises to meet, and insensibly merges into that. 

Quite a number of monadnocks, as residual hills which are not 
worn down to the general peneplain surface are called, exist in the 
region, their summits reaching a few hundred feet above the gen- 
eral hilltop level. They are not sufficient in number to obscure 
the general level, though they do somewhat disguise it. 

In the same districts the later base level is also indicated by the 
rather broad valleys and their comparatively uniform levels. It 
is also observable that, in passing toward the heart of the region, 
the valleys are deeper cut, in other words, that the vertical in- 
terval between the two plains increases, indicating that the Cre- 
taceous peneplain was tipped when elevated, and that the uplift 
was greatest on the northeast, so that it is now canted consider- 
ably to the west and slightly toward the south. 

In the eastern Adirondacks the above features can not be satis- 
factorily made out [pl. 16]. There is little concordance in the 
summit elevations, so that either the district was not reduced to 
a Cretaceous peneplain, or else that surface has been dislocated, 
and given varying altitude, by subsequenit movements. Possibly 
both may be true, and there is some evidence which points to the 
dislocation having actually taken place. 

Recent uplift has affected the entire Adirondack region, in 
common with a much larger area, and this uplift has been. greatest 
on the northeast. It has amounted to at least 400 feet at the 
south end of Lake Champlain, and at least 550 feet at the north 
end, and to 250 feet or more at the east end of Lake Ontario. 
And these are minimum figures, which must likely be much in- 
creased when the entire movement is taken into consideration. 
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It is not certain whether it has ceased or is yet in progress, 
though the latter is very probable. The streams are working their 
way down toward the new grade, but have made comparatively 
slight progress in the task. 


Main axis of elevation 


The highest elevations in northern New York occur along a 
line which, commencing at the national boundary on the north, 
runs south along the line between Clinton and Franklin counties, 
till it reaches the district of the high peaks in northwest Essex. 
Here it offsets sharply to the west, into southern Franklin and 
northern Hamilton counties, then turns again toward the south 


and runs down through Hamilton, in this part of its course 


trending about s. 20° w. instead of nearly due south, as at first 
In this change of trend a rude parallelism with the folded rocks 
to the eastward is to be noted, these also swerving toward the 
west in passing into New York from the Vermont side. This 
probably implies an interrelationship between the two, at least 
in so far as the original location of this main axis is concerned. 

Along the Hamilton county portion of this main axis are found 
the greater number of, and the larger of, the monadnocks which 
protrude above the Cretaceous base level south of the mid-region. 
They are so numerous that, were this area alone concerned, the 
Cretaceous base level would be difficult of recognition. Parallel 
with the eastern edge of this uplift is a rather deep and wide 
valley, eastward from which the region is much more dissected, 
and with considerably lower hill altitudes. The features strongly 
suggest that the eastern face here is along a line of fault. 

The abundance of monadnocks in this district would indicate 
that, during the period of Cretaceous base leveling, the main 
divide of the southern district must have been hereabout, just as 
it is now, since the rocks are not more resistant here than else- 
where. They must therefore owe their preservation to favorable 
position. 

Among the high Adirondacks in Essex and Franklin counties 
the country is still more rugged and uneven than in Hamilton, so 


10n a small scale these features are well shown on the “ Map of New 
York showing the Surface Configuration and Watersheds,” recently pub- 
lished by the State Museum. 
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much so that no sign of concordance of level is to be noted among 
the hill summits. 

This main axis of elevation is everywhere so pronounced that it 
would seem that it could hardly be a feature which had outlasted 
the.long period of Cretaceous base leveling, but that its present 
prominence must be owing to unequal uplifting at the close of 
this erosion cycle. The considerable deepening of the valleys in 
passing toward the heart of the region (the broad valleys cut in 
the succeeding erosion cycle are the ones here concerned) points 
clearly to greater uplifting along this line. It also seems likely 
that, in a region of abundant faults such as this is, such an uplift 
could not fail to cause additional adjustment along the fault 
planes. Such movements would give varying altitudes to such 
portion of the area as had been graded during the long erosion 
period. That many of the tops of the high Adirondacks are true 
monadnocks, is highly probable. But that the area is entirely- 
composed of monadnocks, and never had any recognizable develop- 
ment of the Cretaceous peneplain on it, is thought to be exceed- 
ingly improbable, much more so than the alternative view here 
presented.- And this is emphasized when the rapid drop in alti- 
tude to the Champlain valley is taken into account, both its 
rapidity and its character suggesting rather recent faulting. 

On the prolongation northward of this main axis, the same 
features are illustrated in the Paleozoic rocks, these being found 
at the highest altitudes along that line, dropping rapidly east- 
ward down the faults and less rapidly, and more regularly west- 
ward. This represents the total amount of tipping which they 
have received in all the movements of the region, but the present 
prominence of the axis as a topographic feature seems too great 
to be accounted for otherwise than by a not too remote date for 
the last differential movement along it. In addition, certain 
prominent eastward facing cliffs which appear to be fault scarps, 
are found in the Potsdam country, just as they are in the Pre- 
cambrian areas, fault scarps which seem to require actual faulting 
of comparative recency to account for their presence. The eyvi- 
dence, then, seems to point to actual warping of considerable 
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amount along this axis during the uplift which terminated the 
Cretaceous erosion cycle, with accompanying downfaulting on the 


east, giving the fragments of the Cretaceous peneplain varying 


altitudes and increasing the prominence of the Champlain depres- 
sion. 
Lake belt 


In southern Franklin county, nestling in the angle produced 
by the offset of the main axis of elevation to the west is an area 
of broad valleys and low ridges in which lakes are more thickly 
clustered than in any other part of the region, and for which 
therefore the name “ Lake belt” has been suggested, for the lack 
of a better term. The valley bottoms have the same levels that 
they have in adjacent districts, but the ridges are low, commonly 
only 200 feet or 300 feet high, not by any means attaining the 
levels that they do in the country east, and considerably lower 
than the summits in the other direction, though the discrepancy 
is not so pronounced. The relief is in general insignificant. All 
the ridge summits are well beneath the horizon of the Cretaceous 
peneplain level. 

No cause for this discrepancy is to be found in the character 
of the underlying rocks. These are anorthosite and syenite for 
the most part, the most resistant of all the Adirondack rocks. 
The rocks of the Lake belt are in no sense weaker than in the 
areas of higher altitude and greater relief adjoining, are in fact 
stronger than those to the west. 

The belt has many features which indicate that the main pre- 
glacial drainage systems passed through it; and this would neces- 
sarily tend to lower its general level more rapidly than would be 
the case at a greater distance from the main drainage lines. But 
the fact that it is sharply separated from the adjacent districts 
instead of fading into them, with no change in the rock character, 
and the abundant rock ridges, all of small altitude and none reach- 
ing at all nearly the Cretaceous base level, seem to require a 
structural cause for their explanation; and it is regarded as a 
probable dropped fault block, the district to the east having been 
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greatly uplifted as compared with it, that to the west considerably 
less so. Its own hilltops reach concordant levels, and probably 
represent the Cretaceous base level, but dropped below its normal 
altitude. 

Faults as topographic features 


As has been stated, it is probable that all fault scarps in the 
region disappeared by being worn down during the Cretaceous 
base-leveling period. Such wearing down customarily brings 
different rock masses into juxtaposition on opposite sides of a 
fault. Any renewed uplifting of the district then tends to cause 
a reappearance of a searp along the fault line, owing to the more 
rapid wearing away of the weaker of the two rocks. The hight 
that this scarp may attain will have the difference between the 
old and the new base levels for its maximum value, and the 
proportion of this actually attained will, other things being 
equal, depend on the comparative resistances of the two rocks. 
If one is very strong and the other very weak, relative promi- 
nence may be gained, specially in the near vicinity of drainage 
lines. The weaker rock may be on either the downthrow or the 
upthrow side, and, according as the first or the second is the 
case, the scarp will face in its original, or in the opposite direc- 
tion, in the latter case giving rise to the anomaly of the down- 
throw side standing at a higher level than the upthrow. In the 
cases where there is little or no difference in resistance between 
the rocks on the two sides, there will be no tendency to cause 
reappearance. of a scarp along the fault line. 

Furthermore, except in the case of faults which exactly 
parallel the strike, the surface rock will vary from time to time 
on the same side of the fault, and with these changes, now on 
one side and now on the other, the scarp becomes either less or 
more pronounced than it was before, as the variation diminishes 
or increases the difference in resistance of the rocks. In the 
case of dip faults an irregular topography is sure to be produced 
along the fault, owing to the more frequent passage from one 
sort of rock to another. 

In general, the faults of northern New York show a weaker 
rock on the downthrow side and hence tend, on uplift, to re- 
produce a scarp facing in the direction of the original one. 
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There are however numerous cases where the resistance is practi- 
cally uniform on both sides. 

In the Mohawk valley region there is no evidence of any recent 
faulting. The faults are quite typical dip faults, in a district of 
low dip. Since the Paleozoic rocks there, from the Beekman- 
town to the Utica, are progressively weaker upward and are all 
weaker than the underlying Precambric, it necessarily follows 
that the faults everywhere show weaker rock on the downthrow 
side, except where the same formation occurs on both. Owing 
to the recent uplift of the region, the scarps are coming into 
prominence, specially where they are crossed by streams. In 
fact, the utter independence of the faults shown by the streams 
here, is one of the strong arguments against any recent move- 
ment along the fault planes, and for such present day promi- 
nence as they have being wholly due to the recent uplift of the 
region. 

Along the Mohawk the faults show great cliffs facing east- 
ward, the valley widely opened in the weak shales on the down- 
throw side, while constricted and gorgelike in the resistant 
Beekmantown or Precambric rocks on the other. Receding 
from the river, their prominence is at once lost, and the scarp is 
either not manifest or but feebly marked. Thus the Little Falls 
fault, a very noted. topographic feature at the river crossing, 
loses this character entirely a short distance south of it and has 
no great prominence on the north, when the great difference in 
resistance of the rocks is taken into consideration. Eventually 
it passes wholly into Precambric territory and can be no 
longer traced. While this may be because of the dying out of 
the fault, there is no evidence that this is the case. If, on the 
south side, the fault could be followed through the Utica shale 
belt to where the more resistant overlying rocks appear, these 
would come in first on the downthrow side, with production of 
a scarp facing west. 

In the Paleozoic limestones along Lake Champlain, which as 
great thickness, but no marked difference in strength, the fault 
scarps are in no way conspicuous at the present day; in fact, at 
low altitudes there are none at all. At higher levels, however, 
they appear. Thus the Tracy brook fault shows no scarp in that 
part of its course shown on the map [pl. 12], notwithstanding it 
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has resistant Potsdam on one side as against weak limestones 
on the other. Farther southwest, however, where it passes into 
higher ground, the prominent east face of Rand hill is its scarp. 
So far as these low altitude faults are concerned, they give no 
evidence of recent faulting. 

Some slight relief has been produced along some of the small 
cross faults, in cases where the dip is fairly high, 10° or more. 
These are dip faults; and, since the limestones which they cross 
have slightly variant resisting power, the more massive beds 
stand slightly above the surface as ridges, and their lateral 
shifting by the fault is clearly brought out in the topography. 
The Black river limestone, and some of the beds of the Crown 
Point division of the Chazy, are the more prominent ridge makers 
of this type. This topography is very characteristic of the 
cross-faulted strip shown in plate 12. 

The drainage is not so independent of the faults in this district 
as it is along the Mohawk. Many of the streams follow the fault 
lines for considerable distances, Tracy brook and the Little 
Chazy river, as shown in plate 12, for example. 

It is however in this eastern district that the evidence of recent 
faulting is forthcoming. In the rapid rise in altitude from the 
Champlain level to the main axis of elevation, which is from 
25 miles to 30 miles west from the lake only, are many eastward 
facing cliffs which resemble fault scarps. The larger number 
of these show equiresistant rock on both sides. Thus there are 
apparent faults which are wholly in the Potsdam, having that 
rock on both sides and-with no detectable difference in the resist- 
ance, which, notwithstanding, present a prominent easterly cliff. 
Wear, because of renewed uplift, could by no possibility have 
brought out this topographic relief; and, in the total absence 
of evidence of any other mode of origin, a belief that they are 
fault scarps is compelled, necessitating the further belief that 
they can be no older than the date of uplift of the Cretaceous 
base level, and may perhaps be younger. 

The majority of the supposed faults are in Precambric rocks. 
In many cases there seems little difference in resisting capacity 
of the rocks on the two sides, and in certain cases the rock is 
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identical. There are several cases in which the presence of the 
scarp can not possibly be owing to differing rock resistance, so 
that the only element of doubt in the matter concerns the actual 
existence of the faults. They are very difficult to prove under 
such circumstances, yet it seems practically certain that they . 
must be there. 


North plain 


On the north side of the Adirondacks a gently sloping plain 
extends from the Precambric boundary down toward the St 
Lawrence. It is warped upward along the north extension of 
the main axis of elevation, hence has a northerly pitching axis 
along this line, with northeast and northwest surface slopes 
away from it. These are put gentle, some 20 feet to 30 feet to 
the mile. The underlying rocks are the Potsdam and Beekman- 
town formations, which have a low, northerly dip. This is how- 
ever considerably greater than the surface slope, amounting to 
from 100 feet to 200 feet to the mile, so that the rock layers are 
beveled by the plain surface, progressively higher beds being 
exposed going north. 

The general surface has received a comparatively smooth 
veneer of glacial deposits, supplemented by the deposits of run- 
ning and static waters during and after the ice retreat. Low 
moraines constitute the principal present irregularities. There 
is no Beekmantown inface, for example, though this may be 
lacking because of being planed down by the ice sheet. Rock 
outcrops are so scarce in the region, however, that there is no 
opportunity to determine whether this is the case, or whether 
the inface has been buried beneath the drift. The old stream 
valleys have been filled up, and the streams have since somewhat 
reexcavated them though, since they have not accurately followed 
the old channels, they have met rock at small depth in spots 
where they have missed the track, and this has greatly retarded 
the reexcavating process. The plain retains approximately its 
preglacial slope, but its irregularities have disappeared through 
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blanketing. It lies below the Cretaceous peneplain level, having 
been worn down below that in the Postcretaceous erosion cycle. 

The Precambric boundary presents quite different characters 
on the north from those seen at the south. It is much more 
sinuous and much more abrupt. There is no Potsdam inface, 
and the Precambric rocks are apt to tower somewhat abruptly 
from, 25 feet to 100 feet or more above the Potsdam level. 
Between these outlying ridges embayments run, carrying the 
slope of the plain in between the ridges, and in many of these 
embayments the Potsdam is found, lying between the gneisses 
of the adjoining ridges. Faulting has undoubtedly played some 
part, perhaps a major part, in the production of these features, 
but it does seem quite clear, nevertheless, that the shore had a 


steeper slope than on the south, and that the surface was much 
less even. 
Northern hills and valleys 


The ridges and valleys of a large part of the Adirondack 
region show a general north-south to northeast-southwest trend, 
this being more prominently the case in the eastern half of the 
region. The precise cause for this general trend is not clear. 
The larger faults have this direction and are undoubtedly infiu- 
ential factors in the topographic control; the strike, both of 
the foliation and of the Grenville bedding, has often the same 
direction, and has no doubt its share in determining the topo- 
graphic alinement; one main joint set has the same trend and 
may also be a factor; finally, the ice sheet moved over the district 
with a south to southwest direction; and, though the direction 
of the basal currents was mainly controlled by the existing topog- 
raphy rather than the topographic trend a result of the ice 
direction, yet some share in the general shaping of the region 
must be allotted to it. It seems likely that all these factors 
have combined in the production of the present trend; but it is 
as yet wellnigh impossible to determine definitely their relative 
importance. The frequent independence of this trend shown by 
the strike naturally suggests that it is of less importance than 
the others. The prominence of other joint sets, in addition to 
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those trending with the ridges, indicates that they were not the 
controlling factor, but that the direction was determined by some- 
thing else, and, once determined, this joint set becomes of greater 
importance than the others. By a process of elimination, the 
faults seem to remain the most probable controlling factors in 
the original determination of the trend. 

The present valleys were excavated below the Cretaceous base 
level in the Postcretaceous erosion cycle. The comparative 
weakness of the Grenville rocks determined valley location 
where they were present in any force, and a respectable number 
of the valleys of the region are of this origin. They are most 
numerous in western Essex and St Lawrence counties, being 
comparatively infrequent elsewhere. There are also many 
valleys in which one or more small patches of Grenville rocks 
may be found, surrounded by others of a different nature; and 
in these it is quite possible that the Grenville patches are merely 
the final remnants of much larger Grenville masses, which de- 
termined the location of the valley and have disappeared in its 
formation. But even where a very large allowance is made for 
possible instances of this sort, it yet remains true that Grenville 
rocks make small show in most of the region, and that the 
larger number of the valleys can not have been located on Gren- 
ville belts; are developed in fact in rocks identical in kind with 
those which make up the neighboring ridges. To account for 
these, it seems necessary to invoke some structural cause, and 
such may be found in belts of rubble rock along the faults, in 
belts of excessive jointing and slip faulting, and in the location 
of streams by the original fault scarps; also in the production 
of actual fault valleys (Graben). These are truer in direction 
than the Grenville belts and best explain the prevalent trend. 

The larger number of the ridges of the northern Adirondacks 
show a certain type of configuration which calls for explanation. 
They have a long, gentle, even incline to the northeast, a summit 
well toward the south end, and a steep back slope, often in part 
a perpendicular cliff and in general steepest at the top. These 
features are seen most typically on the smaller ridges, but the 
larger ridge masses show a tendency to the same type. At the 
backs of these an amphitheater is apt to be developed, sometimes 
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ofthe typical cirque shape, and always strongly suggestive of 
glacial action [pl. 17]. Precipitous rock cliffs are always a 
feature on this side, while wholly absent on the gentle north 
slopes, on which rock outcrops of any sort are infrequent. The 
writer has often searched the north slope of such a ridge without 
finding a single satisfactory outcrop, while they are certain to be 
abundantly found when the summit and back slope are reached. 

In the high Adirondacks, in the anorthosite region, these 
features are not found, the cirques excepted, and these are found 
along the flanks of the ridges as well as at the back. Stony 
Creek mountain [pl. 17] is an anorthosite mountain and on the 
edge of the high peak district, but it exhibits the general 
features just noted very imperfectly. They are better shown in 
many of the syenite peaks and in the main seem confined to the ~ 
ridges of foliated rocks. The syenites always show more folia- 
tion than the anorthosites. Yet the writer has been unable to 
discover any connection between the strike and pitch of the 
foliation and the trend and pitch of the ridges; and, if any such 
does exist, it is obscure, though the facts noted above suggest 
some relationship. 

That much of the shaping of the ridges has been done by 
glacial action seems clear. The northern hills are the ones 
mainly concerned, those so situated that they would feel the full 
force of the onset of the southwestwardly moving ice, after its 
advance, unimpeded by any obstacles, over the plain to the 
north. It must have impinged heavily on the north slopes of 
the hills, and the basal currents moving up the intervening 
valleys must have closely hugged the ridge sides. There would 
be at first a tendency to wear down all projections, and later to . 
fill up depressions and blanket the slopes with till and moraine 
stuff. ‘The lee side of the ridge, however, would not be closely 
enfolded by the ice, so that little smoothing would be done 
there. In the waning stages of the ice sheet a bergschrund, or 
crevasse between the ice and the back slope of the mountain, 
would be formed, in which a daily variation of the temperature 
from thawing to freezing would take place during a large part 
of the year, which would cause a rapid scaling off of the rock 
along the joints, producing rough, steep cliffs.. During the wan- 
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ing of the ice sheet or at a somewhat later period, small local 
glaciers appeared high up on the mountain sides which, grinding 
away at their beds, with this bergschrund action at work on their 
sides, excavated the amphitheaters. But, while the ridges have 
thus been ice-sculptured, it is wholly unlikely that they were 
produced by glacial action. The ice found the ridges and valleys 
when it entered the region and merely left them somewhat modi- 
fied. Some of the back slope cliffs strongly suggest fault scarps. 
One for example, suggests a fault across the ridge crest which 
has dropped its southern portion and produce the cliff and ter- 
race outline. There is but a single sort of rock in that ridge, a 
resistant quartz syenite gneiss, so that the topography can not 
be accounted for by varying rock resistance. The sudden manner 
in which many of the ridges are chopped off at the south is very 
indicative of faulting. If faults are present, they are cross faults, 
since the main ones parallel the ridges. It is an exceedingly 
difficult matter to determine just how large a share the faults 
have had in determining the present situation and character of 
the ridges. 


Streams 

The working out of the varied history of the Adirondack 
streams is a matter of the future. No one has yet had opportunity 
to give the problem the thorough and exhaustive study that it 
requires. Furthermore, it is a difficult problem, owing to the 
great age of the land area, the several oscillations of level which 
it has experienced, the difficulty of determining the controlling 
factors in the Precambric district, and the many changes pro- 

duced in the drainage by the action of the ice sheet. 
| The general drainage of the present day runs radially outward 
from the main axis of elevation, and in part these streams seem 
the lineal descendants of the original consequent streams. Since 


1No attempt will be made in this paper to discuss the Pleistocene history 
of the region, since little connected work has hitherto been done on it. and 
because Professor Woodworth is now at» work on the problem. Much 
information may be gained from papers by Brigham and Ogilvie. Geol 
Soc. Am. Bul. 9:183-210; Jour. Geol. 10:397-412. 
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a-blanket of Paleozoic sediments probably covered the entire 
region, these original streams soon became superimposed streams, 
and showed no adjustment to the Precambric rocks which they 
uncovered in their beds during the stripping away of the Paleozoic 
cover. The present valleys are largely adjusted to these rocks, 
and this adjustment has been brought about by the successive 
uplifts of the region, each new cycle of wear tending to make it 
more perfect. The adjustment is in part on the weak rock belts 
and in larger part on the weak rock structures. 

The Champlain valley has been shown to be a structural one, 
and as such to be the inevitable site of a drainage system., The 
subsequent origin of the Mohawk and Black rivers has also been 
indicated and had been previously emphasized by Brigham and 
others. The St Lawrence valley has also the character of a sub- 
sequent valley, as was first pointed out by Westgate; but, as it 
was the site of an old Paleozoic trough of depression and deposit, 
which seems to have been deepened by subsequent movements, this 
would appear to have had some share in determining its position. 
With successive uplifts of the region, the Mohawk and Black river 
valleys move laterally outward. This is not the case with the 
Champlain valley. 

The outflowing Adirondack streams of the present are thus all 
tributary to streams which parallel the sides of the region. Those 
outflowing to the west and south are but the remnants of the con- 
sequent streams which continued on in those directions before the 
development of the Mohawk and Black river valleys, as Brigham 
pointed out. They rise near the main axis of elevation and flow 
in valleys cut in its gentle westerly slopes. Beginning at the 
southwest with West Canada creek, apparently only recently 
transferred to the Mohawk drainage from the Black, all the west- 
erly streams, the Moose, Beaver, Oswegatchie, Grasse, Raquette, 
St Regis, Deer, Salmon and Chateaugay rivers, have this general 
character. All have been affected and modified by the ice sheet ; 
but these modifications are local, and otherwise these streams 
rise near the main axis of the region and course down its westerl y 
slopes, to the southwest, the west,and the northwest. The abrupt 
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.defiection of the Oswegatchie, Grasse, Raquette and St Regis from 

their normal northwest courses to a northeast direction, so that 
they flow parallel to the St Lawrence for many miles before 
emptying into it, is an interesting feature which has not yet been 
explained, though probably not difficult of explanation when the 
ground is thoroughly studied. The Oswegatchie emerges on the 
Precambric rocks of the Frontenac axis, and its behavior is 
obviously controlled by the topography, as it takes a subsequent 
course parallel to the ridges. But the other three streams make 
their bend on the northern Paleozoic plain, and the cause can 
hardly be a structural one. It must be sought in the Pleistocene 
features of the region, either this portion of the plain having a 
general slope to the northeast, owing to unevenness of glacial 
deposits, or else morainic or beach ridges being the deflecting 
cause. 

The streams of the eastern Adirondacks mostly rise in the 
neighborhood of the high peaks. The Hudson and Ausable have 
their head waters in the high passes of that district. The Schroon 
and Sacandaga head in the ridges east of the main axis. The 
Saranac, on the north, heads in the Lake belt and is the only one 
of the principal streams to cross the main axis of elevation, both 
of its branches so doing. That portion of it which lies west of 
the axis is separated from the present Raquette and St Regis sys- 
tems by the most trivial of glacial divides, and undoubtedly 
drained to the westward formerly. The date of capture by the 
Saranac is not known. The easterly flowing Adirondack streams 
have an advantage over those flowing west, owing to their steeper 
slope, and tend therefore to extend their head waters westward, 
causing the divide to migrate in that direction, away from the 
main axis. That the capture occurred in preglacia]l times seems 
very probable. 

Farther south, in eastern Hamilton county, the main axis is 
crossed by two broad valleys, one running east from Long lake 
and the other from Raquette lake. These are however located on 
weak Grenville belts, on which it was easy for streams, flowing 
eastward from the main axis, to push their divides westward 
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across the axis. The modern divides in that region seem of. 
glacial origin, and our present knowledge does not suffice to de- _ 
termine how much of the drainage west of the axis had been 
captured in preglacial times. That the drainage of the Long lake 
and Raquette lake valleys went out to the northwest in preglacial 
times is exceedingly improbable, and it may well have gone east- 
ward to the Hudson. 

The fact that the main axis of the region is to so large an 
extent the modern watershed, is the strongest of the arguments 
for its prominence having been given to it in comparatively recent 
times. 

The northeastern streams, the Ausable, Saranac, Big Chazy 
and English rivers, flow in general northeast courses away from 
the main axis. Faults control them somewhat, and here the 
direction of the main faults is also that of the consequent 
stream flow. The upper Ausable and Saranac are, in part at 
least, controlled by faults. In their lower courses all cut across 
the strike of the Paleozoic rocks. 

It is in the southeastern part of the region that the streams 
show the most marked adaptation to the structures, as was noted 
by Brigham on the publication of the first topographic sheets of 
the region.t. The main streams here have n. to n.n.e. or s. tO 8.8.W. 
courses and receive their main tributaries from the west. Such 
Grenville belts as occur trend with the tributaries rather than 
with the main streams, and the determining cause of location is 
obviously a structural one. Ogilvie argues that the faulting 
was accompanied by block tilting toward the east, that the main 
drainage lines are located along the faults, and that the tribu- 
taries on opposite sides work against an abrupt fault cliff on the 
one hand or down a gently tilted slope on the other; that those 
down the slope have a conspicuous advantage and have extended 
their courses much farther back than those flowing in the 
opposite direction? That the main streams follow the fault 
lines, the writer quite agrees. And, if the faults downthrow to 
the west, the rest necessarily follows. But, if they are normal 
ee ee 


Am. Geol. 1898. 21 :219. 
*Jour. Geol. 10:408. 
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faults downthrowing to the east, as most of the proved faults 
of northern New York are, it is more likely that the surface 
tilting would be to the west. It would also seem that the 
streams down the fault scarp would have an advantage over 
those down the back slope, because of their much steeper grades, 
and that originally the main tributaries would be westerly flow- 
ing streams down the back slopes, but that the streams down 
the scarp would lengthen at the expense of the others, pushing 
the divides westward. If now the main streams are at succes- 
sively lower levels going eastward because of step faulting, 
these easterly tributaries would have that additional great ad- 
vantage over those flowing west, and would not only tend to 
extend themselves at the expense of the westerly streams, but 


also to work back to, and to tap and lead off portions of the 


larger streams to the westward. Inspection of the maps shows 
many such apparent captures of the main streams by the east- 
erly tributaries. If the writer be correct in his belief that these 
are the main structural features of the region, the assumption 
of the abnormal easterly tilting of the fault blocks seems un- 
necessary. 

The great and abnormal bends to the northeast which are 
made by both the Hudson and the Sacandaga, some 15 miles to 
25 miles north of the Mohawk line, would seem to be wholly 
modern and owing to glacial action. As a result of this swerve, 
no stream of respectable size enters the Mohawk eastward from 
East Canada creek, the drainage all turning east to the Hudson, 
while the divide between the streams flowing south to the 
Mohawk and those passing east into the Hudson, parallels the 
Mohawk and is distant from it only 15 to 18 miles. These 
features are excellently shown on the new, small scale topo- 


_graphic map of the State and strongly suggest a morainic divide, 


and that the Sacandaga formerly came down to the Mohawk in 
the Amsterdam region. The modern stream which flows north- 
eastward from Gloversville and empties into the Sacandaga at 
the big bend, would seem to occupy this valley. Obviously a 
considerable shifting of divides must take place here in the near 
future, the present arrangement being highly unstable. 
Chamberlin long since urged that the preglacial divide or col 
in the Mohawk lowland, between the drainage east to the Hudson 
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and that west to the Ontario valley, was at Little Falls, the loca- 
tion being determined by the Precambric rock mass there, 
brought up by the Little Falls fault Brigham has urged that 
West Canada creek was, at that time, tributary to the west flow- 
ing drainage, which he names the Rome river, coming into the 
valley at Oriskany by way of Holland Patent. While the writer 
quite coincides with this view, he is also disposed to the belief 
that this route is comparatively modern, representing a capture 
of the upper part of the Black river drainage by a tributary of 
the Rome river. Black creek, the main tributary of West Canada 
creek, flows along the Precambric boundary in a northwesterly 
course, and seems unquestionably to represent the former upper 
portion of the Black river, as is shown im an excellent manner 
on the new topographic map. There is heavy drift filling between, 
but no sign of any rocky col, and the tributaries from the north- 
east show perfect parallelism with the Black river head waters 
coming down from the same direction. 

Youthful character of the present drainage. During the with- 
drawal of the Laurentide glacier from the northern Adirondacks, 
the preglacial stream courses cut in the valley base level were 
completely filled with glacial deposits, while at the same time the 
irregular floor of the valley base itself was covered and evened by 
them, After the departure of the ice, the courses of the streams 
were determined by the position and slope of these deposits, and 
some discrepancy between their present and former courses was 
produced. The slopes of the glacial deposits in the valleys were 
gentle, lakes occupied the hollows more numerously than at pres- 
ent, and the new streams obtained steep grades only after they 
emerged from the hills on the slopes leading down to the Cham- 
plain and St Lawrence valleys. Their profile was convex rather 
than concave, and so it remains to a large extent today, while in 
mature stream valleys the profile is concave. 

The main streams of the region are of respectable size, and their 
slope is steep. The Saranac river from Lower Saranac lake to 
Lake Champlain, in a course of about 75 miles by the river, has a 
fall of over 1400 feet, nearly 20 feet to the mile. The Ausable, 
from Lake Placid down, has a greater fall than the Saranac 
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by 300 feet in a somewhat shorter course. The Raquette and St 
Regis have a slope somewhat less, but yet over 15 feet to the 
mile. These are considerable slopes for streams of the size, and 
excavation of their beds is going on at a fairly rapid rate. The 
drift deposits were rapidly cut into and the top of the rock knolls. 
of the valley floors, which lay underneath the stream where it 
was not over its old channel, were uncovered. The rapid down- 
cutting would be at once checked at these points, but on the down- 
stream side of the obstruction the cutting in the drift would 
continue actively, causing a fall or rapid at the point, which 
would commence to saw back a gorge into the rock obstruction. 
Upstream, however, the drift could not be cut out to a greater 
depth than the level of the obstructing rock ledge, though it 
would be quickly worn down to that level and a wide valley 
rapidly eaten out in the yielding drift materials. In this way 
the stream courses would be divided into sections of slight decliv- 
ity and of mature character, commencing and terminating with 
rapids over rock ridges. 

Most of the Adirondack streams illustrate well these general 
principles. Their head waters are in chains of lakes, and their 


courses below consist of reaches, or stillwaters or levels as they 


are locally called, interrupted by rapids and gorges. The Saranac 
serves well as a type. It rises in Lake Clear, passes thence into 
Upper Saranac lake, Round lake and Lower Saranac lake and 
leaves the latter near the middle of its eastern side in a wholly 
postglacial channel. At the rapids at Saranac village the river 
is only 6 miles distant from Lake Clear in an air line, while by 
water it is from 25 to 30 miles distant. Below the village the 
first considerable rapid is at Franklin Falls some 20 miles away, 
where the river falls 40 feet within the space of half a mile. In 
the 20 miles above it has fallen less than 100 feet, or only about 
4 feet a mile. Below the falls it flows through a gorge half a mile 
long, with walls 100 feet high, which apparently marks the chan- 
nel of a small preglacial stream, or else a low divide between two 
small streams. Below the gorge a wide marshy valley opens out, 
through which the river flows in a beautiful series of meanders. 
Heavy drift filling turns it aside over the rock ledge in the gap 
at Union Falls. At Clayburg, 8 miles below, it meets the north 
branch and turns abruptly into the larger valley occupied by 
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that smaller stream. Turned aside, probably by depth of drift, 
the river encounters the ponderous rock ridge at the High falls, 
in which it has cut a very considerable gorge, which appears 
wholly postglacial. The position of the preglacial channel here- 
about has not been ascertained, a fairly continuous line of rock 
cutcrops occurring to the northward and many appearing to the 
south of the present channel. 

Beyond the High falls the valley is again broad and filled with 
drift. At Cadyville the river is once more out of its old channel, 
and has cut quite a gorge in the Potsdam sandstone at that point. 
From Cadyville to the mouth of the river at Plattsburg the fall 
is 400 feet and the distance 10 miles, giving a rate double the 
average fall of the stream, yet the bottom of the drift filling is 
nowhere reached save at the pulp mill, 2 miles above Plattsburg, 
where a long but not deep cut through the Beekmantown lime- 
stones has been made, and at Plattsburg itself. 

Two thirds of the 1400 foot fall of the Saranac is made in the 
lower one third of its course, giving a highly convex profile. The 
Ausable follows its old valley more closely, crosses the 1000 
foot contour much farther from its mouth and has a profile not 
notably convex. The northwesterly streams all have convex 
profiles also. 

The Raquette drainage shows some interesting and puzzling 
features. The reach from Raquette falls to Piercefield is much the 
longest shown by any Adirondack stream. In all this distance 
the valley is wide and mature, the river flows in great loops 
which reach the rock walls but seldom, cut-off oxbows are ex- - 
ceedingly common, and the valley floor is mainly one great swamp. 
The valley narrows to Raquette falls, where there is a fall of 70 
to 80 feet in a gorge 34 of a mile long, in which the water is rapid 
throughout, but with two principal falls [pl. 18]. There is an 
impassable rock barrier here, with no opportunity for a buried 
channel, so that there could have been no preglacial drainage 
line; rather, there was here a col between small streams flowing 
both ways from the obstruction. Above Raquette falls the valley 
widens southward, as it should on this Supposition. It was 
occupied by a small preglacial, south flowing stream, which either 
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turned eastward into the valley running east from Long Lake 
village, or else westward and out through Raquette lake valley 
and the Moose river. The former is the more likely, though the 
drainage must originally have been westward, and this eastward 
course represents a later reversal of direction, since it crosses the 
main axis. 

The stream flowing north from Raquette falls was a tributary 
to the main drainage line running westward from Axton, in the 
present Raquette valley, with the Ampersand creek valley as its 
eastward extension. Not unlikely there was a corresponding 
tributary from the north, occupying the present valley of Upper 
Saranac lake, though it is not yet certain whether that stream 
drained to the south into the Raquette or to the north into the 
St Regis. The general drainage arrangement in this district is 
of the trellis pattern, it being a northern extension of the south- 
eastern area, where that type prevails, though it seems more 
disturbed by glacial action than that. 


Lakes 

Lakes are of frequent occurrence throughout the Adirondack 
region. They most abound in what has been called the lake 
belt, but they are found in great number throughout the central 
and western portions of the region. East of the main axis, they 
occur in much smaller number, though by no means infrequent. 
There are literally hundreds of them. They range in size from 
fairly large bodies of water, several miles long and a mile or two 
in width, down to the most insignificant of ponds. The larger 
ones are usually long and narrow and occupy the full width of 
the valley in which they lie. These are mostly confined to the 
central and eastern portions of the district, those portions whose 
main valleys have received a north to northeast alinement from 
the faults, and the lakes occupy portions of the main valleys, 
their trend coinciding with that of the valley direction. Upper 
and Lower Saranac, Big and Little Tupper, Indian, Schroon and 
Long ‘lakes are the more prominent members of this group. 
Placid, Cranberry and Raquette lakes are of a somewhat different 
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type, in that they seem to occupy portions of more than one valley, 
the valleys being closely adjacent and the divides low, and their 
greater breadth being thus accounted for. There are rock islands, 
in fact, in all of these large lakes and often in considerable 
number. Lower Saranac lake is full of them, alined so as to 
suggest the drowning of adjacent small valleys. The chain of 
islands in the center of Big Tupper lake suggests the same thing. 

The smaller lakes are of a great variety of types. Some of 
them are in narrow and some in wide valleys; some are nearly 
or wholly rock. bound, while others show little or no rock along 
their shores; some are in deep, steep sided valleys, while others 
have low, sloping shores; some are strung out in chains along a 
single valley, though the majority are single. 

The causes for the existence of these lakes are as various as 
the causes which produce hollows on the surface of a region 
recently invaded by an ice sheet, such a surface having a com- 
bination topography due to both destructive and constructive 
processes. It is held by many observers that locally glaciers 
may excavate shallow rock basins, and Ogilvie has argued that, 
lake basins of that type are abundant in Hamilton county.! 
Quite likely also such exist in the north portion of the region, 
though they certainly are not the common type there, the 
majority occupying depressions in the drift surface in the wider 
valleys. Such a lake as that shown in plate 16, for example, 
is a good representative of the usual type. This lake, Stony 
Creek pond, shows occasional rock ledges on its east shores, but 
it lies on the east edge of a great sand terrace which extends 
from the south end of Upper Saranac lake to Axton on the 
Raquette, the sand undoubtedly overlying till at no great depth, 
so that we are dealing with a small preglacial valley now badly 
clogged with drift. The level of the pond is so nearly that of 
the modern Raquette at Axton that its outlet has no cutting 
power. 

The larger lakes are mostly up near the main divide of the 
region; and, though they occupy portions of preglacial valleys, 
these were toward the head waters of the preglacial streams 
and were therefore of no great width. Their south to southwest 
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trend closely conforms to the direction of movement of the ice — 
sheet, which must thus have thoroughly scoured them, and it 
may well be that some, or all, of them have somewhat of the 
rock basin character, though no proof of this is yet at hand, so 
far as the writer is aware. Many of them are demonstrably held 
up by morainic dams; but that might be true and yet the lake be 
somewhat of the rock basin type. Many have highly irregular 
shore lines, owing to the drowning of the mouths of the small, 
tributary valleys, and in general there are no features of these 
which at all suggest the hanging valley type; they rather 
strongly suggest the contrary. In the comparatively small 
number of instances of what may prove to be hanging valleys, 
of which Bog river falls at the upper end of Big Tupper lake is 
a good example, it is far from certain that the streams are not 
locally out of their preglacial channels near their mouths, and 
that the fall is not thus to be accounted for. There are however 
some features of these larger lakes that do suggest some deep- 
ening of their basins by the ice sheet, but the data are too frag- 
mentary to justify a present discussion. 

Many of the Adirondack lakes are being shallowed quite 
rapidly by the considerable amount of sediment washed into 
them by the streams. In the few thousand years that have 
passed since the ice vanished from the region quite a number of 
lakes, both large and small, have been completely filled in this 
way and converted into vleis. And at the present day many 
examples showing all stages of the process are to be found 
Some are converted into comparatively dry meadows, some are 
wet and boggy, some have still a foot or so of water, but with a 
growth of vegetation over the entire surface, others have still 
some clear water in the center, others only a fringe of rushes and 
water lilies along their margins, still others are very shallow 
throughout but with only a beginning of vegetable growth, and 
this well out in the pond as well as near shore, yet others are 
still comparatively deep. Almost without exception the topo- 
graphic sheets of the region show examples, and often numer- 
ously. On the Saranac lake quadrangle, for example, a filled 
lake basin, 4 miles long, is seen in the north center of the sheet, 


1See Smyth, C. H. jr. Lake Filling in the Adirondack Region. Am. 
Geol. 11: 85-90. 
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its flat surface being utilized by the Chateaugay Railroad for a 


roadbed, while Sumner creek works its sluggish*way through it - 


in a beautifully typical, meandering course; Ray brook may be 
seen flowing through a small, filled pond on the southeastern 
part of the map; on the extreme southwest, the marsh which 
fills the former east portion of Middle Saranac, locally called 
Round lake, is well shown; on the northwest, the Osgood river 
flows into the pond of the same name through a swamp which 
marks its filled northern extension; the south end of Colby pond 
is converted into a marsh; on the other hand, Lower Saranac and 
Rainbow lakes, Mackenzie, Moose and Lonesome ponds are not 
yet sufficiently shallowed anywhere to show more than a mere 
beginning of marsh vegetation. On the Blue mountain quad- 
rangle there are fewer examples, but Polliwog pond, on the ex- 
treme north and just east of Long lake, is marsh except for the 
small lagoon yet remaining in the center; Rock lake ‘is marsh 
at the west; and the Grassy ponds, on the east near the Chain 
lakes, have names which imply their condition. These are but 
two examples selected at random from among the 20 Adirondack 
sheets so far published. Any of the remainder would have 
served equally well. Those lakes originally the shallowest, and 
those into which sediment is being, or has been washed the most 
rapidly, are of course those in the most advanced stage. 

According to Ries, while lake filling is going on at many points 
in the Adirondack region, yet very little true peat seems to have 
been formed, for the streams flowing into the lakes often carry 
too much sediment, and plants other than mosses usually fill up 
the lake.t 
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Adamellite, analyses, 339’. 
Adams, F. D., cited, 305°, 348%, 345+. 


Adirondack eruptives, general 
characters, 338°-407. 
Akerite, 3407. 


Albite, 313%, 319, 334%, 3357, 336°, 
Sal, Bae", 348, 352%, 352°. 

Allanite, 313°. 

Alnoite, 398*. 

Ami, cited, 383°. 

Amphibolites, 296°, 301', 301°, 330". 
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Analyses, 331°-38°, 350°-51', 
398°-99*. 

Andesin, 320°, 321*, 328°, 3497, 3967. 

Anorthite, 304*, 328°,.334*, 3357, 336°, 
337. 
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syenite, 318°-22°; surrounding 
rocks, 3077-8°; texture, ~ -305*; 
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Apatite, 295°, 304°, 309°, 309%, 309°, 
SiS Sols, oro polos S26, 
835% 348%, 3517, 3524, 352°, 3527, 
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349°, 349°, 8504, 351°, 351%, 351°, 396’, 
396". 


Augite syenite, 340'; analyses, 333}, 
339", 353°: 
Ausable river, 489°, 440+, 442°, 


Banatite, analyses, 339", 

Basic dikes, 396. 

Batholites, 402°. 

Beekmantown (Calciferous) forma- 
tion, 281?-827, 3607-695, 388°-89°. 

Big Chazy river, 440+, 

Biotite, 296°, 300°, 300°, 304°, 309°, 
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Birdseye limestone, see Lowville 
(Birdseye) limestone. 

Black creek, 442°. 

Black river, 438°. 

Black river formation, 283°-84°, 


371°-73%, 391°-937; thickness, 376°. 
Bolboporites americanus, 366+. 
Bostonites, 395°-96'. 
Brainard, cited, 361°, 3654, 374%, 376%, 
383%, 
Brigham, cited, 487°, 438+, 
4427. 
Broégger, cited, 340°. 
Bronzite, 3057, 313°, 337°, 349°. 
Bucania sp., 367*. 
Bytownite, 304*. 


38’, 440°, 


Calciferous formation, see. Beek- 
mantown (Calciferous) formation. 

Calcite, 3487, 395%. 

Calymmene multicosta, 367°. 

Cambriec sandstone, see Potsdam 
(Cambric) sandstone. 

Camerella (?) costata, 365°, 

Campbell, cited, 424°. 
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Camptonites, 396°. 

Cassin formation, 3627-64", 

Cenozoic history, 2907-92*. 

Chalcopyrite, 304°. 

Chamberlin, cited, 441°. 

Champlain dikes, age of, 396°-97°. 

Champlain valley, 438°. 

Chazy formation, 282'-83*, 365, 389°- 
90°. 

Cheirurus polydorus, 366°. 

Chemical analyses, 331°-38°, 350°-51*, 
897°, 398°-99%. 

Chlorite, 304", 348", 351°, 352. 

Cumings, cited, 377%, 3837. 

Cushing, H. P., cited, 374°. 


Dannemora formation, 303%. 

Darton, cited, 397°, 410°. 

Diabase, 278°, 348°-54’, 
analyses, 351’, 353°. 
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faulting, 403°. 

Diana syenite belt, 315*. 
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character of, 4425-455, 


355%, 3567; 


Eakle, cited, 351°. 

Hlevation, main axis of, 427°-29°, 

Emmons, cited, 369°, 3728, 380°. 

Hnglish river, 4404, 

Pnstatite, 300°. 

Epidote, 304", 348", 351°. 

Prosion, paleozoic, 288°-89". 

Hrosion interval, surface topography 
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286°; as topographic features, 
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3497, 349%, 349° 351%, 3527, 3524 
352°, 352’, 3047, 304°, 3557, 3567 
356%. 395°, 3967; white, 311°. 

Folds, 402°-3*. 

Foliation, 399°-402°. 

Fourchites, 3967. 


Gabbros, 275°, 306%, 327°-31°, 335°, 
338’, 340°; analyses, 3327, 3534. 


’ Garnet, 295%, 2967, 304°, 306*, 309', 


S08, SIL SIs, Sls walt ole 
328°, 334%, 335%, 337, 3375, 337% 
3548 

Geologic history, summary of, 2727- 
94°. 

Glacial history, 2928-935. 
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299°-303°. 
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Graphite, 295*, 2958, 296°. 

Grasse river, 439%. 

Grenville rocks, 295*-99*, 4858. 


Harpes sp., 366°. 
antiquatus, 366°. 
ottawaensis, 366°. 
Helderberg submergence, 386°. 
Hematite, 348°, 348", 352°, 3527 3567, 
395". 
Hornblende, 
304°, 3097, 
313°, 314, 
326", 328°, 
3364, 337, 
3967. 
Hoskins, L. M., cited, 401°. 
Hudson river, 489°, 441°, 
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309°, 312°, 313°, 313%, 313°, 319+ 
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337, 
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315%, 
330", 
348°, 


3008, 
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311%, 
323°, 
335%, 
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Igneous activity, 2877-88°, 

Igneous intrusions, 2754. 
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Illaenus arcturus, 366. 
bayfieldi, 3667. 
incertus, 366°. : 
Ilmenite, 304°, 304°, 305°, 3098, 328°. 
Intrusives, metamorphosed condition 
of, 3408-45°, 
Iron ores, 311°. 


Joints, 404*, 412"-16°; production of, 
286°. 


Kaolin, 395°. _ 

Kemp, J. F., cited, 297*, 2987, 3067, 
308°, 310°, 314’, 317°, 3175, 329°, 
330°, 3467, 349, 349°, 350°, 393°, 
395', 395%, 395°, 396°, 397% 3975, 
398%, 405*, 415°; acknowledgments 
La ert Al bob 

Kolderup, cited, 339%. 


Labradorite, 304%, 304’, 3097, 311%, 
328%, 328°, 329°, 3294 3347, 335%, 
335°, 336%, 341°, 3497, 351°, 3962. 

Lake belt, 4297-302. 

Lakes, 445°-48". 

Leeds, cited, 351°. 

Leptaena fasciata, 366°. 

Lichas minganensis, 366°. 

Limestones, 273°, 295%. 

Limonite, 395°. 

Lingula huronensis, 3667. 

Little Falls fault, 431°. 

Lorraine formation, 384°-861. 

Lowville (Birdseye) limestone, 283°, 
369*-714, 3917. 


Maclurea magna, 366°, 366°, 367%. 

Magnetite, 3007, 300°, 313°, 3194, 3254, 
3267 328° 328°, 328%; 3344, 335", 
306%, 337, 348°, 349% 351", (352+, 
352°, 354°, 355°, 356°, 396°, 3987; 
titaniferous, 304°, 3067. 

Melilite, 3987. 

Mesozoic base-leveling, 423*-257. 

Mesozoic history, 289°-90*. 

Metamorphosed condition of the in- 
trusives, 340%-45°. 

Microcline, 299°, 3007, 348°, 356°. 


Microperthite, 2974, 299°, 300°, 304°, 
313°, 313°, 3137, 313°, 319°, 3203, 
821%, 3267, 336, 338", 339°, 348% 
352%, 352°, 3527, 356°. 

Mohawk river, 438°. 

Mohawk valley, faults, 4102, 431°, 

Monadnocks, 426%, 427°, 

Monchiquites, 396°. 

Monticulipora, 367%. 

Monzonite, analyses, 339°. 

Morris granite, 326°-27°. 

Muscovite, 3047, 3487, 


Norite, analyses, 332°, 334°. 
North plain, 433°-34+. 
Northern hills and valleys, 4344-375. 


Ogilvie, cited, 437°, 440", 446°. 
Oligoclase, 304°, 313°, 339°. 
Olivin, 328°, 3497, 3495, 3517, 3967, 
3967, 3987. 
Olivin diabase, analyses, 3513. 
Ophicalcite, 2957. 
Orthis sp., 365°, 3667. 
costalis, 366%. 
disparilis, 3677. 
perveta, 366°, 3677. 
platys, 366°. 
porcia, 367’. 
Orthoceras sp., 365°, 366’, 367°. 
Orthoclase, 3007, 313°, 334‘, 
336°, 3377, 348", 352°. 
Orton, cited, 364°, 380°, 384°, 388° 
Oswegatchie river, 439". 
Ottawa gneiss, 302°. 
Ouachitite, 396°. 


335’, 


Paleocystites tenuiradiatus, 366°. 
Paleozoic changes of level, 2857-86’. 
Paleozoic disturbances, 2867-87’. 
Paleozoic erosion, 288°-89?. 
Paleozoic faults, 405°-12'. 
Paleozoic history, early, 279*-85*. 
Paleozoic igneous activity, 287'-88°. 
Paleozoic igneous rocks, 394°-99*. 
Paleozoic oscillations of level, early, 
summary of, 386°-94", 
Paleozoic rocks, 354?-99°. 
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Paleozoic topography, 419*-21°, 

Peneplains, 417%, 4257-277. 

Perkins, cited, 375°, 376". 

Perovskite, 3987. 

Phlogopite, 295°, 296°. 

Placoparia (Calymmene) multicosta, 
367°. 

Plagioclase, 329°, 336%. 

Pleonaste, 329°. 

Porphyry, 355"; syenite, 348%. 

Postglacial history, 298°-94°. , 

Potsdam formation, 279°-81', 354?- 
60", 387'-88'; thickness, 358°. 

Precambric disturbances, later, 278. 

Precambrie erosion, 276°-77*. 

Precambric faulting, 403°-5°. 

Precambric history, 273?-79°. 

Precambric igneous activity, 
79%, 

Precambric igneous rocks, late, 345°- 
54, 

Precambric rocks, 294°-354?; 
tion, 399°-402°; joints, 404+. 
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THE GEOLOGY OF THE PARADOX LAKE 
QUADRANGLE, NEW YORK 


PART 1 
INTRODUCTION 


The field work upon which this paper is based was carried on 
during the summer of 1901. The results were elaborated in the lab- 
oratories of Columbia University during the winter of 1901-2, and in 
the summer of 1902 a general survey was made embracing the sur- 
rounding region beyond the limits of the report proper, together 
with a resurvey of certain critical points within the area in question. 
The work was directed by Prof. J. F. Kemp of Columbia University, 
to whom the most cordial thanks are due, and whose kindly interest 
both in field and laboratory has been of constant value. 


TOPOGRAPHY AND GEOLOGY OF THE ADIRONDACKS 


The Adirondacks form the most conspicuous topographic feature 
of northern New York. They include an area of some 10,000 square 
miles, roughly circular in outline, and almost surrounded by the St 
Lawrence, the Mohawk and the Hudson-Champlain valleys. Topo- 
graphically the region may be divided into a central mass of high 
peaks with deep and narrow intervening valleys, and a surrounding 
area of lower hills with broader valleys and gentler slopes. 
Geologically the central mass consists of plutonic rocks of the gabbro 
family; the surrounding hills, of various types of gneiss. In the 
gneissic area limestone prevails in the valleys, and the limestone 
often extends up the valleys of the central plutonic core. Surround- 
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ing the crystalline area and outside of the Adirondacks proper is a 
plain cut on gently dipping” Palaeozoic rocks. A few outlines of 
these PAtheoSids| within the crystalline. area indicate Heiss former 
extent. 


The Adirondack region has been extensively faulted. Some of. 


these faults are quite recent (though all are preglacial) and form 
conspicuous topographic features.. The most recent faults run in 
general northeast-southwest directions, and were accompanied by 
block tilting toward the east. Drainage lines have established 
themselves along the fault lines, the tributaries on opposite sides 
working against a steep cliff or a gentle slope respectively. 

The trellised drainage of the Adirondacks has been noted by 
Professor Brigham.1 

He showed from a study of several topographic maps that the 
main drainage lines lay along northeast-southwest valleys, and that 
of the tributaries, the eastward flowing ones had much the longer 
courses. The main drainage lines lie along the fault lines, and as 
the tilting has been toward the southeast, the tributaries flowing 
in that direction have the advantage over those flowing westward, 
which have to cut back against the faces of steep fault cliffs. 

This block tilting has led to the production of a most striking 
feature in the landscape, namely, the peculiar form of the mountains. 
The almost universal shape of the higher hills is that of a truncated 
cone, with steep, often precipitous faces toward the northwest and 
long gentle slopes toward the southeast, There are some lower 
summits which owe their existence to the erosion of the soft lime- 
stone from the valleys, such mountains of course presenting normal 
erosion outlines. But the prevailing type is the faulted one. 

This general type of mountain, accompanied by this kind of drain- 
age, is the predominant one on the Paradox Lake quadrangle, irre- 
spective of rock type. Owl Pate, Bald Pate, Catamount and many 
others within the anorthosite area have this outline, while among 
the gneisses Knob, Bear and others show the same form. The 


valleys at the foot of the steep fault cliffs often contain small rock- 
bound lakes. 


*Am. Geol. 1898. 21:210. 


: Plate 1 


Fig. 1 Bear mountain from Crane pond. A fault block, with cliff facing 
west and flat tilted eastward. Granite gneiss ‘ 


Fig. 2 View from Bear Pond mountain. Chilson lake 
in the foreground lies in a wide limestone valley. In 
the background is a narrow valley whose western side 
is the fault cliff of Knob mountain 


GEOLOGY OF THE PARADOX LAKE QUADRANGLE 


In the Adirondacks the most important problems today belong to 
two distinct departments of geology. One series of problems is con- 
cerned with the physiography and glacial phenomena, on which no 
detailed work has been hitherto done; the other series of problems 
are concerned with the gneisses, both as to relative age and as to 
origin. - : 
Recent geologic work 

The first geologic report on the Adirondacks was that of 
E. Emmons in 1842. Since that time little was attempted until 
about fifteen years ago, when Prof. J. F. Kemp took up the task of 
unraveling the complicated structure of the eastern part of the 
region, while Prof. C. H. Smyth jr in the west and Prof. H. P. 
Cushing in the north directed their efforts to those portions. The 
combined work of these three investigators has led to interesting 
results in the interpretation of the region as a whole. 

The greater part of the region covered by the Paradox Lake 
quadrangle was described in a preliminary way in Professor Kemp’s 
early reports. 

The southern portion of the region was treated by Professor 
Kemp and D. H. Newland? ; 

The preliminary work was done without the aid of good maps, 
and it was not thought advisable to begin detailed investigation until 
the United States Geological Survey sheets were published. Some 
of these topographic maps have recently appeared, and with one of 
them as a basis it was hoped that by a careful and detailed study 
of a relatively small area some facts might be added to those already 
accumulated. The purpose of this paper is to treat in detail of the 
geology, both glacial and deep seated, of the area covered by the 
Paradox Lake quadrangle, thus making a beginning of the interpre- 
tation of Adirondack glacial deposits, and a contribution to the solu- 


tion of the problems of the gneisses. 


1See Preliminary Reports on Geology of Essex County in N. Y. State 


Geologist An. Rept for’ 1893 and 1895. 
*Preliminary Report on the Geology of Washington, Warren and parts of 


Hamilton County, N. Y. State Geologist An. Rept for 1897. 
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LOCATION AND TOPOGRAPHY OF THE PARADOX LAKE 


QUADRANGLE 


The Paradox Lake quadrangle covers the southeastern part of the 
Adirondacks. It is for the most part within the gneissic area but in 
its northeastern portion includes some of the outlying peaks of the 
central plutonic area. The highest peaks in the Adirondacks rise 
to upwards of 5000 feet; the highest on the Paradox quadrangle is 
2941, the region being thus among the foothills. The southern and 
eastern portions are in the gneissic area, where the mountains are 
still lower. Pharaoh mountain is conspicuously the highest of the 
gneissic peaks, and stands out as a landmark for miles. Its hight 
is 2557 feet. 

Though the mountains are not very high, they are rugged and 
often very steep. The greater part of the region is an untraveled 
wilderness, and some parts of it are very difficult of access. The 
abandonment of the iron mines, which were formerly of economic 
importance, has led to the desertion of villages, and the region 
abounds in houses which are falling in ruins. One can easily travel 
for days through unbroken woods without meeting with a house or 
even a trail. Lumbering and forest fires have done their work here 
as elsewhere in the Adirondacks, with the result that the thick 
second growth has made travel difficult and outlooks few. 

The drainage is in part westward, emptying into the Schroon and 
hence ultimately into the Hudson, and in part eastward toward 
Lake Champlain. The divide between these two drainage systems 
lies along a general north and south line, the westward drainage 
comprising about two thirds of the quadrangle. The most important 
stream is the Schroon river, which crosses the northwestern corner 
of the quadrangle. Its present course is for the most part over 
drift, some interesting terraces being displayed on the sides of its 
valley. Its most important tributary is the Paradox valley, which 
crosses the quadrangle in a southwesterly direction, joining the 


Schroon near the central portion of the western edge of the 
quadrangle, 


Plate 2 


Fig. 1 Hammondville N. Y. 


Fig. 2 Valley of Rock Pond brook. Gentle slopes and 
broad valleys characteristic of the gneissic area 


> 
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The drainage is well-adjusted, the principal valleys being either 


upon the limestone or in the depressions occasioned by block: 


faulting. The limestone valleys are usually wider and physiograph- 
ically older than the faulted valleys. This contrast is shown in 
plate 1, figure 2, where Chilson lake in the foreground lies in a lime- 
stone valley, while the steep face of Knob mountain marks a fault 
cliff which extends northward about five miles. 

Glacial agencies have interrupted the last erosion cycle, hence this 
valley at the foot of Knob mountain is not occupied by a single 
stream but by three small lakes and a considerable extent of swamp, 
outletting westward in its middle portion. The limestone valleys 
are also drift-filled, but their drainage is usually not so markedly 
disarranged as it is in the narrower faulted valleys, Plate 3, figure 1, 
illustrates the condition in the wider valleys. 


PART 2 


PHYSIOGRAPHY AND GLACIOLOGY 
Cambric drainage lines 


Certain main lines of drainage were established before the close 
of Cambric time. These have been greatly modified by later adjust- 
ments—in addition to normal valley development, drowning, rejuve- 
nation, faulting and glaciation entering into their history at various 
times—nevertheless the Cambric drainage can be made out and is 
in some localities remarkably similar to the present.t 

The Lower and Middle Cambric strata are found in Vermont; 
only the Upper Cambric in the Adirondacks. This fact indicates 
that the Cambric sea advanced from the east, its progress being 
slow. It covered Vermont in Middle Cambric time, but did not 
reach the Adirondacks until the Upper Cambric. 

Hence in Lower and Middle Cambric time the Adirondack region 
was a land area, and was consequently being worn down by streams. 
Prof. Kemp has shown that these Cambric streams were well 
adjusted to the structure, having placed their valleys on the lime- 
stone, and that these valleys had mature profiles and cross-sections. 


*J. F. Kemp. Physiography of the Eastern Adirondacks in the Cambrian 
and Ordovician Periods. Geol. Soc. Am. Bul. 8:408-12. 


tee covered ae aqueous aces. The jeslitoen strata are still a 
horizontal or nearly so, hence their position in the valleys must. be 
due to original deposition in depressions, and not to any kind of 


folding. In some instances their position may be due to faulting, 
but there was no evidence of such faulting in this region. 


- Potsdam outliers are found in three localities within the Paradox 


‘Lake quadrangle. One outlier is found on the extreme eastern edge 


of the map in the valley of Trout-brook; a second near Chilson, 
outcrops in three localities, the intervening areas being drift- 
covered; the third two miles north of Sherman Corners. 

The: Trout brook outlier lies in a valley of mature cross-section, 
the present stream being rejuvenated and actively cutting. Were 
the Potsdam removed the valley would show the gentle slopes 
characteristic of a well established drainage line. The former 
extent of the Potsdam is indicated by many loose boulders south 
and west of the outlier. 

The Chilson outliers are masked in drift, but they indicate the 
same thing—a mature Prepotsdam valley, drowned by the Potsdam 
sea. 

The Sherman Corners outlier is now being cut by a vigorous post- 
glacial stream. The outline of the hills suggests that in this case 
also if Potsdam and glacial deposits were removed the valley would 
be mature. — 

The conclusion then seems inevitable that the main drainage lines 
were established in Prepotsdam time. The Trout brook valley, 
the Putnam creek valley and the valley two miles north of Sherman 
Corners are shown to be of Prepotsdam age by the outliers. By 
their similarity in stage of development the valleys of Chilson lake 
and of Paradox lake would appear to belong to the same period. 

The Schroon valley is problematic in age and in origin. The 
largest valley on the quadrangle, it passes through the anorthosites 
with glacial terraces masking its sides. No limestone has been 


found in its basin, nor any Potsdam sandstone. The topography 


7+ 


Fig. 1 


Plate 3 


Chilson N. Y. Drift filled valley 


Fig. 2 


Paradox. Limestone valley 
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suggests faulting, and its direction (s. 15 w.) suggests a later origin 
than that of the Cambric valleys, whose direction is slightly north 
F265 east, 

The invasion of the Potsdam sea from the east suggests that these 
Prepotsdam rivers flowed toward the east. This is further borne 
out by the attitude of the rock beneath the drift, so far as it is known, 
and by sounding in the lakes. . In Goose pond, Crane pond, Pyramid 
lake and Chilson lake soundings showed a slightly greater depth 
of the rock bottom in the eastern than in the western ends. An 
uplift of 25 feet in the western part of the quadrangle would reverse 
the drainage of several important streams. The Chilson lake valley, 
after such an uplift, would drain eastward into Penfield pond; Goose. 
pond would drain into Crane pond and Crane pond eastward 
through Rock pond to Putnam creek; Black brook would pass east- 
ward until diverted by the Knob mountain fault. After a recon- 
struction of the country, and after removing all drift and replacing 
all faults, this easterly direction of drainage becomes universal. If 
the faulted face of Treadway mountain were removed Pharaoh lake 
would drain through a wide and now dry valley into Putnam pond. 

The conclusion is that the drainage was established when Cam- 
bric time opened; that the general direction of drainage was east- 
ward, usually northeast, occasionally southeast; that the streams at 
this time were adjusted to the limestone, and that the region was 
mature. 

The alternative hypothesis, that the region was a peneplain in 
Cambric time and the outliers dropped by faulting, seems untenable 
in the light of these various lines of evidence. There is no evidence 
of such faults, but every indication, short of absolute proof, that 
the valleys containing the outliers were normal erosion valleys estab- 
lished on the limestone. 

Of the events of later Palaeozoic time there is little evidence 
within this quadrangle. Abundant fragments of Calciferous and of 
Trenton rocks suggest that the region was entirely submerged. An 
outlier of the Calciferous is found at Schroon lake, but none within 


the limits of the Paradox Lake quadrangle. 
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Peneplains* 


The even sky line of some of the mountains [pl. 4] suggests 
an uplifted peneplain. It is best displayed on Treadway mountain, 
but may also be seen on Springhill, Trumbull and several small 
unnamed mountains. Wherever found this flat rises slightly toward 
the northwest. Apparently this peneplain antedates the last period 
of faulting, since the eastward slopes of the fault blocks are invari- 
ably flat [pl. 4 and 5]. Since the rocks are igneous or meta- 
morphic it is impossible to correlate beds or to restore the prefaulted 
surface with exactness. The fact that when developed on sedimen- 
tary gneiss these flat surfaces often cut across the bedding [pl. 4, 
fig. 2] is sufficient evidence of their origin from some process of 
down cutting. But whether one peneplain or more is represented 
is impossible to say until some estimate of the amount of faulting 
can be made. These flats are developed alike on undoubted igneous 
rock (Owl Pate, Bald Pate, Moose mountain) and on gneiss, pos- 
sibly of sedimentary origin (Bear mountain, Skiff mountain, Knob. 
mountain). 

A second temporary base level is represented by the present valley 
floors. Like the older level this one is higher towards the northwest, 


but this second level follows the formation of the great faults’ 


Summary of the preglacial erosion history 


In Prepotsdam time eastward flowing rivers were established on 
the limestone; these rivers were drowned by the Potsdam sea, and 
the whole country covered by the Lower Siluric. From the Siluric 


*A peneplain, i. e., almost a plain, can best be defined in terms of a “ base- 
level” or “graded slope.” The last two terms are both used by different 
authorities to describe that condition of a land surface which is reached when, 
after erosion by streams, the slope is just sufficient to carry off the water 
without permitting either additional erosion or transportation. If is a plain 
as near sea level as river erosion can bring it, and it is a limiting condition 
which is approximated even if never reached. At a stage shortly preceding 
base-level, the surface would be a peneplain. A peneplain then is a nearly 
plane surface at sea level, produced by the erosion of streams. Should such 
a peneplain then be elevated and subjected to erosion again, evidence of it 
would remain in that the tops of the hills would be flat. These flat hilltops 


stand at about the same elevation, and the rock forming such flat topped hills 
may be of any kind or of any structure. 


Plate 4 


Fig. 1 Mountain 1 mile southeast of Crane pond. Pene- 
plain cut on sedimentary gneiss 


Fig. 2 Mt Treadway from Pharaoh lake. Peneplain cut 
across beds of dipping sedimentary gneiss 
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until thes Pleistocene the region was a land area and of the events 
of this immense period of time there is very little record. What- 
ever the details may have been, erosion was going on, and the 
covering of early Palaeozoic rocks was being removed. A peneplain 
was finally produced.! 

An uplift followed which was greatest in the northwest, and which 
was accompanied by block faulting. A new cycle of erosion began, 
continuing to remove the Palaeozoics from the Prepotsdam valleys, 
and also developing new lines of drainage adjusted to the faults. 
Another uplift followed, which was also greatest in the northwest. 
The next erosion cycle was interrupted by the glacial period. I 
believe that these conclusions are in a general way in accord with 
Dr Cushing’s observations in the north.’ 


Age of lower base-level 

The age of this lower level in the Adirondacks can be fixed within 
probable limits. The valley floor on which the drift was deposited 
belongs to it and the streams had just begun to incise their channels. 
Since therefore they had just begun to lower their channels before 
the glacial period, the date of rejuvenation must have been late 
Pliocene. If the. rejuvenation of them closed the Pliocene, the 
cutting of the lower level must have taken place in the earlier 


Pliocene and Miocene. 


Glacial deposits and drainage modifications 

When the ice entered the region it encountered a drainage long 
established and well-adjusted, but physiographically young in that 
the region had recently been rejuvenated. After its withdrawal it 
left the valleys completely drift-filled and the courses of the rapidly 
cutting streams determined by the slope of the drift. 

The glacial deposits in this area are divisible into two groups; 
those of unassorted material, consisting of heterogeneous mixtures 
of all sizes of constituents from large boulders to fine sand, with 


occasional admixture of clay; and those composed of fine gravel, 


1Analogy with other regions would suggest Cretaceous age for this first 
base level and Tertiary for the second, but no evidence of the age was found 
within the region itself. 

?Geology of Franklin County. N. Y. State Geologist 18th An. Rept 1899. 
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sand, or silt, with a stratified structure. The first class comprises’ 
what is generally known as till, and as boulder clay, and is generally 
sprinkled over the surface. The stratified deposits overlie the thin 
till covering, but the two were probably laid down contemporane- 
ously in different localities, some till being formed at the margin 
of the ice at the same time that aqueous deposits were gathering 
farther from its edge. No true moraines were found within the 


limits of this quadrangle. Ridges of rounded glacial hills occur in 


several localities, but they all proved to be of fine stratified material. 

The region lay so far within the ice sheet that any deposits formed 
in its advance would subsequently have been removed, and the same 
would be true of any earlier gravels which may once have been there. 
The surviving deposits belong to the time of retreat and melting of 
the ice, at the close of its last invasion. 

The erosion history and glacial phenomena of the Adirondacks as 
a whole were summarized by the writer in a recent paper. In this 
paper it was shown that the general direction of ice movement was 
toward the southwest; that the motion was vigorous among the out- 
lying lower hills, but that among the higher mountains the ice was 
stagnant in the bottoms of the deep valleys, while at the time of the 
maximum extension of the ice sheet it passed over the tops of these 
filled valleys smoothing the mountain summits. It was further 
shown that the glacial deposits belong in general to the time of 
retreat and melting of the ice, being largely of stratified material. 

The Paradox Lake quadrangle lies on the border between the 
regions exhibiting the two types of glaciation. Its northwestern 
part lies in the region of high peaks and deep valleys, where there 
is little sign of glaciation except in the smoothed tops of the moun- 
tains. The more southerly and easterly parts of the quadrangle 
were in the region of the southwesterly moving ice current, hence 
sinoothed rock faces and roches moutonnées are common,.as are also 
glacial deposits. 

Crown Point. In the northeastern corner of the quadrangle, 900 


feet above sea, in the valley about two miles south of Towner pond 


*On Glacial Phenomena in the Adirondacks, Jour. Geol. v.10 April-May, 
TQOT. | 


Plate 5 


Fig. 1 Mt Treadway from Pharaoh lake. 
on sedimentary gneiss 


Peneplain cut 


Fig.2 Mt Treadway from Pharaoh lake. 
on sedimentary gneiss 


Peneplain cut 
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and the same distance north of Sherman Corners, is the flat bed of 
what was probably a small glacial lake. This lake was of short 
duration, not lasting long enough for the development of shore 
features. It was formed by the damming of a preglacial channel. 
by the retreating ice, and its waters were supplied in part from the 
melting edge of the ice and in part from the eastward flowing drain- 
age of the valley. At the margin of the ice, stratified drift hills 
were deposited which blocked the valley on the east after the ice 
had retreated. The water speedily found a new outlet farther south 
and the lake was drained. | 

At present the stream meanders over the old lake flat, having cut 
its channel and built a flood plain below the lake level. Its pre- 
glacial outlet is blocked by the ridge of stratified hills, and where’ 
it meets them the stream turns southward. The road to Crown 
Point now runs through the preglacial valley, and a branch road 
to the north has cut through one of the stratified hills, whose 
material is now being removed for gravel. In this exposure beds 
of coarseness varying from very fine silt to pebbles of about two 
inches are seen, with some cross-bedding. Farther east beyond the 
line of these hills typical boulder clay is found. 

The stream has cut a postglacial channel around the hills that 
blocked its old valley, and after rounding them to the south it turns 
northward again, cascading over ledges of Potsdam sandstone and 
cutting a little canyon. The drift dam was formed at the top of a 
steep hill, which leads downward to Lake Champlain, and the stream 
descends this hill through a postglacial valley. After reaching 
the lower level it turns northward and reenters its preglacial valley. 
At the foot of the hill is another small flat which may represent 
another temporary lake, but its complete interpretation needs investi- 
gation beyond the limits of this quadrangle: Stratified deposits are 
also present along the valley leading northward from this glacial 
lake to Towner pond, these deposits being extensively eroded post- 
glacially. Like the hills of the dam just described, these deposits 
show great variation in size of material and often cross-bedding. 
They were evidently formed by swift waters, and probably repre- 


sent glacial outwash. 


‘ 
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Towner pond is held up by an artificial dam sixteen feet high, 
the original pond being a small solution basin in the limestone at 
the eastern end of the present pond. The artificial dam has resulted 
in drowning several tributary valleys. At its principal inlet is a fall 
and a small natural bridge over crystalline limestone [pl. 6]. 
This fall is postglacial. East of the pond, surface drift is abundant, 
some true till being present [pl. 7]. No well data are available, 
but the topography suggests an eastward preglacial outlet. 

The valley leading westward towards Overshot pond is filled with 
much drift, mainly sand and gravel. Several ridges of terminal 
morainic aspect are present, running in a general east and west direc- 


tion. There were no cuts into these ridges. To the west, at the 


end of the trail, the valley broadens out in a manner abnormal for 
the upstream part of a small creek. A sand flat fills the bottom 
of this basin. No lake shore features were found about this flat; 
it probably represents a lake whose life was of short duration. 
Ticonderoga. Three miles north of Chilson is a line of kames,t 
extending southwest for a mile and crossing the angle of the main 
road where it turns westward. A cut across one of these shows 
the material to be sand, the bedding highly inclined. Emmons in 
his report refers to the ridge. Immediately south of this ridge lies 
a swamp, its flat extending about a mile in each direction, inclosed on 
three sides by gneissic hills, on the fourth by the ridge of kames. 
Its outlet cuts across the kame belt and cascades westward through 
a postglacial valley into Putnam creek. The probable history of 
the drainage in this region is illustrated in the diagrams [fig. 1-3]. 
Figure I represents the normal river valley which would result were 
all Potsdam deposits, faults and glacial drift removed. Figure 2 
represents the same region after the Potsdam deposits had filled the 
valley and the work of reexcavating had only partly followed the old 
channels; the basins of Putnam pond, North pond, Rock pond and 
Bear pond had been added by faulting, Figure 3 represents the 


*A kame is a hill or short ridge of stratified glacial drift. Kames were 
formed at the edge of the ice, of material which had been transported by the 
ice, deposited by water issuing from the ice. 
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a is the one above referred to and probably represents a lake of 
Champlain age. 

Hague. The brook in the southeastern corner of the quadrangle 
flows through a broad preglacial valley, now filled with rolling hills 


aa Se ee 
rapids, where & Glows southward down the dip. At the largest f 


the Hague gristmill is Situated, the fall im this case resulting px e 
from 2 soft, easily ericied shear-zone im the gneiss at the base of 


the present fall Below this fall the stream bed is full of loose 


material. in part at least of postgiacial origin and resulting from the 
cutting beck near the RIL A similar fall oceurs at the corner of 


the map. * 

Poshaits are feel at these Soll, and at Boon ake 
a ttle bhe has been formed pert way down the fall from the 
wearing away of 2 soft yer [pl 3. fg. 1]. 

Troat brook also dows through an old drift-filled valley, slowly 
meandermg im is upper course, and alternating between quiet 
reaches and rapids. acconding to whether its drift cover is or is not 
seen as in the southern brook. (lose to the edge of the map Trout 
brook reaches the Potsdam sandstone and turns abruptly northward. 


It leaves an open valley only three fourths of a mile im length which © 


nd leads east straight to Lake George. and turns abruptly northeast, 
emptying into Lake Champlain six miles away. Its lower course is 
on the Ticonderoga quadrangie. 

This northeastward bearing valley is a very ald one. Small ex- 
posures of limestone indicate that it was origimally excavated upon 
a imestome folkd. The Potsdam sandstome es undisturbed in three 
localities om its lower course, suggesting that the valley existed in 
Cambric time and that it was drowned by the Potsdam sea. In 
Champlam time the valley was occupied by the water, probably of an 
arm of Lake Hudson-Champlkin. Since the shrinkage of this 
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Fig. 1 Hague grist mill. Cascade down 
the dip of quartzite 
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Fig. 2 Pond in cirque, Skiff mountain 
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glacial lake, the lower Trout brook has reestablished itself im this 


old valley and has beheaded upper Trout brook whose former course 
was eastward, over hard gneisses. 

Horicon and Schroon. Pharaoh lake and Wolf and Whortleberry 
ponds lie in rock basins caused by faulting. The outlets of Pharaoh 
lake and of Whortleberry pond join, and together are combined with 
Desolate brook. The junction of these three streams takes place 
in a broad valley filled with stratified drift. 

Desolate brook is now a swamp or “ vly,” its still waters having 
been filled with sphagnum and other vegetation. The trail mapped 
is now impassable owing to the increasing swampy conditions. 

At the northern end of Schroon lake is a wide flat extending 
northward for about three miles. This flat appears to be a glacial 
delta. At present the Schroon river meanders over its surface, and 
the greater portion of the flat is swampy. 

Schroon and North Hudson. The Schroon river in its south- 
westerly course extends for about five miles within the limits of 
the quadrangle. On its banks are well-developed terraces. 

In the course of these five miles the river descends 50 feet. Its 
most conspicuous terrace drops from 960 feet in the north to 930 
in the south—3o foot fall in the same distance in which the present 
river falls 50 feet. 

The surface of this terrace is slightly umeven and suggests an 
origin as a kame terrace, while the ice still stood in the valley. The 
front of this terrace has been extensively eroded, in part by the 
Schroon river, which has built a lower terrace of flood plain origin, 
and in so doing has worn back the face of the older one; in part by 
recent gullying. Gullies once started grow with astonishing rapid- 
ity, houses and the highways being frequently undermined. The 
material of this terrace is sand. 

A higher terrace is to be distinguished at a few localities. This 
higher terrace is partly built, partly cut. It occurs 35 feet above 
the main terrace. Through the Schroon valley sand dunes abound, 
the material loosened along the gullies being blown by the wind 
and deposited on either of the two lower levels. 

The main terrace of the Schroon extends up its tributary, Black 


brook. 
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Cirques! and grooves. Glacial cirques are found in at least three 
iristances within this region. One of these is on the southern slope 
of Cat mountain, near the northern boundary. ‘This cirque contains 


a small pond which is not on the map. A second is on the southern ~ 


slope of Skiff mountain [pl. 8, fig. 2] and also contains a pond. The 
third is on the southwestern slope of Mount Steven; this one does 
not contain a lake. 

On the northern shore of Paradox lake is a large glacial groove, 
displaying a smoothly polished surface [pl. 9, fig. 1 and 2]. 

Striae are rare. Those found have already been recorded. 

Boulders are common, some of considerable size. These boulders 
are off all kinds of Adirondack rocks, Potsdam sandstone being 
very common. 

PART 3 


General geology 


The crystalline rocks of the Adirondacks are part of the great 
series forming the Laurentides of Canada. It has never been 
doubted that these crystalline rocks are of Prepotsdam age. ; 

The Potsdam sandstone lies almost undisturbed upon their eroded 
surfaces, and in Prepotsdam time the Precambric sediments had 
been tremendously folded and faulted and intruded at great depths 
by at least one series of plutonics. They had then been uplifted and 
worn down many thousands of feet until only the cores remained, 
and until their surfaces had attained a topography of only moderate 
relief. This surface had then sunk beneath the advancing Potsdam 
sea. 

Distribution and character of formations. The crystalline com- 
plex consists im part of sedimentary rocks, lithologically identical 
with the Grenville series of Canada; in part of intrusives, which 
resemble the Norian series of Canada, and in part of other intrusives 
being of different character. 


*A cirque is an amphitheater with precipitous or very steep sides which is 
excavated by a glacier at its upper portion. The ice cracks off and carries 
away the rock from the mountain until by eating backward it leaves these 


precipitous walls surrounding the valley on all sides except its outlet. Cirques 
often contain small lakes. 
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Fig. r Glacial groove. 


Fig. 2 Glacial groove. 
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North shore of Paradox lake 


North shore of Paradox lake 
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Sediments of the Grenville series. Probably the oldest rocks on 
the quadrangle are metamorphosed sediments. Probably also only 
one series of Precambric sediments is present. Six types of sedi- 
mentary rocks are recognized: hornblende gneiss, limestone, mica 


‘Schist, silimanite gneiss, graphitic quartzite, shaly quartzite. 


Hornblende gneiss! Typically this rock is a very quartzose horn- 
blendic gneiss. Tt is of gray color. Its sedimentary origin is indi- 
cated by its large quartz content; by certain persistent streaks of 
brotite schist which appear to represent changes in composition 
which could only be explained by changes in sedimentation from 
sandy conditions to shaly ones; and by its vertical changes in min- 
eral composition [see pl. 4, fig. 1]. The gneiss extends in a 
horseshoe-shaped belt through the central, southern and western 
portions of the quadrangle, containing within its area some of the 
most important mountains, namely, Treadway, Putnam, Stevens, . 
Third Brother, Park and others. This gneiss is so excessively 
crushed, and also so much altered by syenites, pegmatites and quartz 
veins, that no structural features could be made out. 

Limestone. Closely associated with the gneiss occurs crystalline 
limestone. It is a completely recrystallized rock, which presents 
such remarkable metamorphic features that it was first supposed by 
Emmons to be of igneous origin. Little trace of bedding is to be 
found. While at times almost pure, it often contains metamorphic 
minerals, such as graphite, apatite, pyroxene, amphibole, phlogopite, 
biotite, scapolite, garnet, titanite, pyrrhotite and tourmaline. Most 
of these minerals are clearly the result of regional metamorphism 
acting upon impure limestone, but some of them, notably tourmaline, 
titanite and scapolite, are the result of contact metamorphism. In 
Moriah, just north of the region covered by this map, the limestones 
are found charged with serpentine, forming the rock known as 


ophicalcite. 


1Gneiss is a laminated metamorphic rock having the mineral composition of 
a granite, but not necessarily in the same proportions. Varieties are indicated 
by prefixing the name of the most important silicate, thus hornblende gneiss 
is a rock containing quartz, feldspar and hornblende. 
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“These limestones undoubtedly represent calcareous sediments 
charged with magnesia, iron, silica and alumina, the latter elements 
forming the various silicates during metamorphism. Graphite is 
almost universally present. 

The intense metamorphic changes which result in great contortion 
or complete crushing when applied to sandstone result in flowing and 
recrystallization when applied to limestone. The crystalline lime- 
stones of the Adirondacks have lost their original features and with 
recrystallization have developed polysynthetic twinning, parallel 
%R. The limestone is thoroughly crystalline throughout its extent, 
and its condition can not be explained as a result of contact meta- 
morphism from the associated intrusions. Contact effects have been 
described by various writers in various Adirondack localities, but on 
the Paradox Lake quadrangle the contact metamorphism resulted 
in changes in the intruded rock. 

The limestone is found in the wider valleys in long belts and in'a 
few isolated patches among the hills. One long strip of it lies along 
the Paradox valley, while another forms the shores of Penfield 
pond. Gneiss and schist are often interbedded with it, and the dip 
can sometimes be discovered from these layers. The limestone itself 
is so completely recrystallized that as a rule no bedding can be made 
out. The only locality where a dip and strike could be determined 
in the pure limestone was in a little canyon on the south side of 
Paradox lake, where there was a little cave in the side of the cliff, 
Similar caves are common, and so are little natural bridges and 


other forms resulting from solution. 


In the northwestern part of the Penfield pond limestone belt are’ 


a series of little hills of limestone interbedded with gneiss. Near 
Dudley pond the outcrop of alternating gneiss and limestone is 
repeated by a fault, the beds here dipping gently east. Farther 
south the limestone becomes purer; its associated gneiss stands out 
as several good sized hills, and no interbedding is seen. 

Mica schist... Typically a biotite schist, containing occasionally 
a little hornblende, and sometimes grading into a gneiss this rock 


*Schists differ from gneisses in that they have finer laminations. They often 


have the same mineral composition as the gneisses, but sometimes are more 


basic. They are classified according ‘to the principal dark silicate present. 
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Plate 10 


Trap dike in gneiss, north shore of Pharaoh lake. 
more readily than the gneiss 


The trap 


weathers 
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invariably accompanies the sedimentary gneiss and the limestone. - 
It occurs in bands interbedded with limestone or. gneiss, the bands 
varying from a few inches to some feet in thickness. They are 
never of sufficient size to be mapped separately. 

The association of limestone with schist and with banded gneiss 
has frequently been noted in the Adirondacks. In the Paradox Lake 
quadrangle the rocks were so involved and exposures so limited 
that no stratigraphy could be made out. The relations, however, 
were shown in a locality about forty miles to the west, in a gorge 
cut by the Hudson river. Between the points where the Indian 
and the Boreas rivers join the Hudson there are about eight miles 
of rapids, frequently bounded by cliffs. Here a section is displayed, 
notably in the cliffs forming the “ Blue Ledge” and in the cliffs 
above “Carter’s Riff.” It is evident that gneiss, schist and lime- 
stone constitute a single conformable series, the gneiss being 
beneath, the schist forming bands interstratified with both gneiss 
and limestone. It is further evident that the contact between gneiss 
and limestone is not a sharp one. There is an alternation of thin 
beds of gneiss and of limestone, passing upwards into pure limestone. 

The evidence from the gorge of the Hudson can certainly be 
applied to the same rocks when too much crushed to show structural 
relations. In the Paradox Lake quadrangle both faulting and crush- 
ing have been excessive, but it is safe to conclude that here also the 
gneiss is beneath, the limestone above, with moye or less inter- 
mingling along the contact. 

Sillimanite gneiss. The outcrop of this rock at the mine at 
Graphite has already been described by Professor Kemp." 

Both the foot and the hanging walls of the mine consist of it. 
The garnet and graphite are the only minerals to be distinguished 
in the hand specimen.- The graphite of the mine is developed in a 
quartzose layer along which there has been shearing in the direction 
of the bedding. 

Another occurrence of sillimanite gneiss is on Bear Pond moun- 
tain, but it differs slightly from that at Graphite. Garnets made 


*Geology of Washington, Warren and Essex Counties N. Y. State Geol. 
17th An. Rept 1899. p.539. 
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up a large proportion of the rock at Graphite, while on Bear Pond | 


mountain they are entirely absent. Whereas the Graphite occur- 
rence is massive, the Bear Pond mountain variety consists of thin 
layers interbedded with sandy quartzite. There has been much 
shearing and crumpling, and the whole_series is impregnated with 
iron oxids. The bedded nature of this sillimanite gneiss is certain. 

At Graphite, limestone has been found in a prospect boring, 
beneath the sillimanite gneiss. At Bear Pond mountain the silli- 
manite gneiss overlies the hornblende gneiss, no limestone being 
present. These relations suggest the possibility of an unconformity 
between the sillimanite gneiss and the limestone series, although the 
limestone is so patchy in its general distribution as to prevent too 
‘ confident drawing of conclusions. 

The graphitic sandstone occurs in a small area about North pond. 
It is a gray variety, weathering red, dipping steeply west, and 
containing abundant flakes of graphite and of mica. On the north- 
east bay of Rock pond a small mine has been opened.- The 
graphite occurs along a fault line, associated with iron pyrites. 
Slickensides are abundant in the opening. The country rock is the 
above described quartzose gneiss, of probably sedimentary origin. 
The biotite schist, commonly interbedded with the limestone, appears 
near the mine. The sillimanite gneiss is present on the neighboring 


mountain. The strike of the graphitic sandstone is n. 5 e., its dip 
70 W. | 

The sandstone is similar to the layer bearing the graphite at the 
mine of Graphite. The chief difference is that whereas at the 
Graphite exposure flakes of graphite form the principal constituent 
of the rock and the only scaly constituent, at North pond mica is 
also present. The North pond rock is hence less valuable econom- 
ically, since it not only contains a smaller percentage of graphite, 
but the process of concentration would be complicated by the 
presence of two scaly minerals. Both rocks contain much accessory 
pyrite, and weather yellow or red. 

Geologically the two rocks probably represent the same formation, 


and both are intimately related to the sillimanite gneiss. The silli- 


Penfield 


Plate 11 


limestone belt with interbedded schist 
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manite gneiss represents shale, and the graphitic rock the sandstone 
of the same series. 

Shaly quartzite. Overlying the garnet-sillimanite gneiss of Graph- 
ite is a quartzite, impure and feldspathic, in some. localities sheared 
into a schist. It occurs also in the bed of the brook at the extreme 
southeastern corner of the quadrangle. Several fault lines can be 
seen along the brook, the most notable one being at the Hague 
gristmill [see pl. 8; fig. 1]. 

' The exposure at the graphite mine in the village of Graphite is 
separated from an eastern one at the Lakeside mine, Hague, by a 
hill of syenitic gneiss and by drift in the valley. The uniform strike 
for both localities is n. 65 e. and the dip of variable amount, 
; toward the southeast. The eastern exposure would hence appear 
to be the upper one, but the frequency of faults makes its position 
uncertain. Some layers at the extreme eastern edge of the map 
are conglomeratic. 

Summary of stratigraphic relations. The oldest rock is the horn- 
blende gneiss ; conformably above this is limestone ; interbedded with 
both is the biotite schist. Above these, possibly with an uncon- 
formity, is the sillimanite gneiss; interbedded with it as a local 
variation is shaly quartzite; above these, graphitic sandstone. 

Intrusives. It has long been recognized that the core of the 
Adirondacks consisted of a rock of the gabbro family which has been 
named anorthosite. It has also been long recognized that gabbros 
of later age than the anorthosite were widespread. Of late years 
another type of intrusive has been recognized by Dr Smyth on the 
west and by Prof. Cushing on the north, and has since been found 
throughout the region, the most common phase of this rock being 
a syenitic one. All of the above types occur in the Paradox Lake 
quadrangle. A fourth variety which has not yet been recognized 
as a distinct type, although phases of it have been described, is also 
present in large amount in this quadrangle. This will be here 
called the Pharaoh type from the mountain where it is best exhib- 
ited. It presents the general mineralogy of a granite, but appears 
to be a different rock and older than the granite found in the 
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northern and western Adirondacks. - The anorthosite, syenite and 
granite are all characterized by sudden and very great variations in 


the distribution of the ferro-magnesian constituents. These con- 


stituents may be gathered together, giving the rock locally the ap- 
pearance of a gabbro, or they may be wanting altogether, giving in 
the case of the anorthosite a pure plagioclase rock, in the case of 
the syenite a plagioclase, orthoclase and microperthite rock, and in 
the case of the granite an orthoclase, quartz, microperthite rock. 
The basic varieties are the confusing ones, for with increasing ferro- 
magnesian constituents the three types approach each other very 
closely. Later-than all three is the typical gabbro. All are plutonic 
and younger than the sediments. 


Granite. Granitic rocks form a considerable area in the south-_ 


west, including Pharaoh mountain and several unnamed peaks of 
some importance. The rock, usually pink in color, is a hornblende 
granite, but sometimes contains considerable quantities of biotite. 
It is frequently gneissic, the granite gneiss sometimes being hard to 
distinguish from the syenite gneiss and the gabbro-gneiss. The 
igneous gneisses may readily be separated from the sedimentary 
ones by their massive character and by their uniform appearance 
over wide areas. 

That this granite is later than and intruded into the limestone 
series is indicated by numerous pegmatite dikes and bosses. In 
passing from Mount Pharaoh to Mount Treadway one traverses first 
coarse granite dikes, then pegmatites, and finally to the east of 
Treadway, quartz veins. This is strongly suggestive of the natural 
and normal relations which so often occur around intrusives. 

Syenite. Rocks of this type are proving to be one of the com- 
monest of Adirondack intrusives. The type was first described by 
Dr Smyth, and has since ‘been found in many localities, proving to 
be an extensive component of the gneissic areas. 

The occurrence in the Paradox Lake quadrangle is in.all respects 
similar to those already described. 


"Smyth, C. H. jr’ Geol. Soc. Amer. Bul. 6:271-274; N. Y. State Geol. 17th 
An. Rept 1899. p.471-486. 

Cushing, H. P. Geol. Soc. Amer. Bul. 10:177-192; N. Y. State Geol. 18th 
An. Rept 1899. p.105-1009. 
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The typical appearance of the rock is massive, with a dark green 
color. It has a tendency to weather far below the surface, and when 
weathered the color changes to yellow or brown. It is often of 


- gneissic structure, and when this is the case the color often becomes 


a dark gray. 

As shown on the map, the syenite occurs in several isolated areas, 
the largest being in the northeast. Another smaller area is on the 
easterm shore of Schroon lake, where syenite and granite grade into 
each other without perceptible contact. 

In the southeastern syenite area, on the mountain 1913 feet high, 
locally called Trumbull (not the Trumbull of the map) there occurs 
an interesting exposure of sedimentary gneiss in the midst of syenite. 
It forms a small eastern spur of the mountain and is too large to 
be a fragment torn off by the intrusion. It must represent an area 
of the sediment yet in place, at the top of the intrusion and sur- 
rounded by it. 

Anorthosite. As shown on the map, there is a large area of 
anorthosite in the northwestern part of the quadrangle. This area 
marks the southern and eastern extension of the intrusion which 
forms the main mass of the highest mountains in the Marcy region. 
The topography of this section is more rugged, with higher moun- 
tains and deeper valleys than the surrounding areas of gneiss, this 
difference being probably not due to greater hardness in the rock 
but to two dome-shaped uplifts. 

The name “anorthosite”? has been often erroneously criticized 
because of a supposed mistake in the first determination of the feld- 
spar. It was not named from anorthite, but from “ anorthose,” 
which was an early French name for all triclinic feldspars as opposed 
to “ orthose,” for all monoclinic ones. Hence “ anorthosite” means 
literally “ plagioclase rock.” 

The anorthosite is typically a coarse grained rock of bluish or 
greenish color containing large irridescent crystals of labradorite. 
The dark silicates are usually gathered together in bunches, the pre- 
vailing rock consisting of feldspar only. About the border of the 


anorthosite area the rock is gneissic. As already mentioned, the 
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anorthosite area occupies a central position in the Adirondacks. The 
area within the Paradox Lake quadrangle comprises a segment of 
the outer portion of the intrusion, and in it a series of meta- 
morphic changes are evident. These will be described in part 4, on 
petrography. a. : 

The anorthosite forms the highest and most rugged mountains 
in the quadrangle. 

Gabbro. In a few small patches gabbro rocks occur—true gab- 
bro, norite, and hornblende gabbro (meta-gabbro). The most im- 
portant exposure is on Peaked hill. : 

The gabbro is typically a medium grained rock, of greenish black 
color. The dark color serves to separate the rock from the anor- 
thosite and syenite. 

Several dikes of the gabbro are found. On the southern shore of 
Pharaoh lake a gabbro dike cuts gneiss; on Bull Rock mountain 
(called Old Fort on the map) a gabbro dike cuts the syenite; two 
dikes southwest of Chilson cut graphitic sandstone; one dike about 
a mile west of Chilson cuts sedimentary gneiss; on Moose moun- 
tain a very basic gabbro dike cuts anorthosite. 

The gabbros can in many focalities be traced directly into horn-— 
blende schists, or amphibolites, and there is no doubt that many 
dikes of these gabbros exist. But in some localities, as on Ellis 
mountain in Hague, dikes are exposed which are purely schistose, 
with no trace of massive facies. It becomes a matter of some diffi- 
culty to determine whether such dikes belong to the syenite in- 
trusion, or to the. gabbro, or whether they represent a distinct 
intrusion in themselves. It is upon the age of these dikes that the 
relative ages of the syenite and granite depends. The granite is 
frequently cut by dikes of hornblende schist; if these could be proved 
to belong to the syenite the relative age would be established. In 
the localities om the south shore of Pharaoh lake and on the moun- 
tain west of Goose pond these schists occur, grading directly into 
massive gabbros. In the last-mentioned locality are a series of dikes 
of pure schist, precisely like these questionable ones which so fre- 
quently cut the Pharaoh gneiss, but fortunately in one a massive 
facies was found which placed this set with the gabbros. It is 
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_ therefore probable that most of the dikes belong with the gabbro. 
Nevertheless some of the basic portions of the syenite mass present 
_the mineralogy of a: gabbro, and if sheared would pass into 
amphibolites. 


Summary of evidence of relative age of igneous rocks 


eS, The anorthosite is cut by gabbro at Johnson pond and on Moose 
4 mountain ; the syenite is cut by dikes of gabbro on Bull Rock moun- 
| tain (called Old Fort on the map), at Chilson, and at the foot of 
: Cat mountain. 

: The relation between syenite and anorthosite is doubtful, no con- 
: tacts between the two having been found. Dikes, possibly of 
: syenite, cut anorthosite on Blue Ridge mountain. 

The relation between syenite and granite is also doubtful, the two 
types often.appearing to grade into each other. 

The granite is cut by dikes of amphibolite; some of these appear 
to belong with the gabbro; others are altogether doubtful and may 
belong in age with the syenite. 

Gabbro is thus the youngest in age; anorthosite, syenite and 
granite are undoubtedly of nearly the same age and derived from the 
same source since they present gradations towards each other. 
Anorthosite, syenite, granite, is the most probable order of intrusion. 

Pegmatites. The origin of pegmatites has furnished occasion for 
much discussion in the past. The close relations of pegmatites to 
igneous rocks and their occurrence as dikes have led many observers 
to regard them as true intrusives. On the other hand, their coarse 
structure and frequent association with quartz veins have led others 
to the reverse view, namely, that solution was too prominent in their 
production to admit of an igneous origin; that they are essentially 
veins, and that they are genetically related to igneous rocks, with 
more or less of pnetumatolytic action at their time of consolidation. 

In the northeastern corner of the quadrangle, in the neighborhood 
of Towner pond, there is limestone in close proximity to intrusive 
syenite and granite. Contact effects are to be seen in the presence 


of enormous pegmatites. Roe’s spar bed is a famous locality for 
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_minerals,! and is a huge pegmatite which has been opened for the 


economic value of the orthoclase in the manufacture of porcelain. 


a. 3 


Crystals of biotite, orthoclase and quartz, sometimes over a foot in- 


length, occur at this quarry. Three small diabase dikes cut it, along 


-which are developed tourmaline and titanite. There are several 


good sized hills consisting of pegmatite in this locality, with smaller 
pegmatites cutting sedimentary gneiss. , 


This famous pegmatite can be followed towards the granite 


intrusion, with increasing biotite as the granite is approached. 
When followed away from the granite the pegmatite becomes more 
acid and contains much graphic granite. Small dikes of pegmatite 
border the mass around the spar bed, these dikes being more acid 
than the larger ones. Beyond the dikes are veins of rose quartz. - 

Many pegmatites border the granite of Mount Pharaoh. In this 
case small dikes only were found. Those near Mount Pharaoh 
presented the general mineralogy of a granitite, usually with acces- 
sory tourmaline or titanite; the more remote ones contained fewer 
dark silicates. 

Pegmatites also occur about the edge of the anorthosite area. 
These pegmatites contain the same bisilicates as the anorthosite, with 
quartz, orthoclase and magnetite also. 

There seems no doubt that these pegmatites belong to the closing 
stages of the intrusions ; and that they are of igneous origin, but were 
produced with the aid of more water than their associated plutonics. 

On the hills about Crane pond pegmatites are particularly abun- 
dant near the limestone contacts, while quartz veins predominate in 
the quartzose gneiss area. There are complete gradations between 
the two, though any connection with plutonic sources is here cut off 
by faults. Professor Van Hise has pointed out? that the true explan- 


ation of pegmatization includes igneous injection, aqueo-igneous 


—— 


“Roe’s spar bed has been referred to in the following papers: E. H. Williams, 
Am. Jour. Sc. 1881, on tourmaline; J. F. Kemp, Am. Jour. Sc. 1888, on 
minerals near Port Henry; J. F. Kemp on Geology of Crown Point, N. Y. 
N. Y. State Geol. An. Rept for 1893; J. F. Kemp, U. S. Geol. Survey Bul. 107, 
on Trap Dikes of Lake Champlain. 

°C. R. Van Hise. Principles of Precambrian Geology. U.S. G. S. 16th An. 
Rept ptr. p.684-687. 
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action, and water cementation ; that there are all gradations between 


the three processes, and that under conditions of high temperature 
and great pressure, water and magma are miscible in all proportions. 
It would therefore follow that as a-center of intrusion was left, the 
more volatile constituents of the intrusion would be deposited radi- 
ally and at the same time percolating superheated ground water, 
containing in solution various constituents from the wall rock, would 
become mingled with the plutonic material.. There would therefore 
be a gradation between injection processes and cementation. 

These old gneisses seem sometimes to have undergone further 
cementation with no connection with intrusions. Quartz lenses are 
frequent in the quartzose gneiss, and so is secondary quartz in micro- 
scopic quantities. These occurrences belong to the process of 
cementation of the rock by infiltration of silica in solution. This 
cementation may have been a continuous process from the time of 
the first intrusion, but its greatest development must have been sub- 
sequent to the main intrusion, for the reason that the intrusions were 
all too deep seated to be in the zone where percolating water could 
have had much, if any, effect. 

In résumé it may be stated that the plutonics were intruded at 
great depths, some pegmatites being contemporaneously developed 
at their periphery. The gradual migration to the surface, through 
the removal by erosion of the overlying burden, gave increastng 
opportunity for the action of percolating ground water, and the 
exact line at which the boundary is to be drawn between dike and 
vein, or between vein and secondary crevice filling or enlargement 
of original grains, can not be sharply established. 

Dikes. Trap dikes have been noted in several localities. The 
dikes on Pharaoh lake have already been. described in the report 
previously referred to. They are of diabase, and form an anasto- 
mosing network running across the strike of the gneiss. These dikes 
cut pegmatites. They have been more readily weathered than 
the surrounding gneiss [see pl. 10]. 

There is another diabase dike on the north side of Treadway 


mountain, It outcrops on the face of a small cliff. 


A Roe’ 's spar bed one site ‘south of Towner » pon é 
dikes cut the huge pegmatite exposure. One occurs. ee : 
pond, one mile south of Hammondville ; another i in the are 
northwest of Penfield pond. : a eerie | 
Acid dikes of the type known as Bostonite were found in 
localities: one at Heart pond, the other north of Worcester pone 5 | 
These dikes are bright red and are very small. is 
Palaeozoic formations. Potsdam sandstone. As shown on the 


map, the Potsdam occurs in three localities. Of these the Chilson 
area is the most important. There are three good outcrops in this 


area. On the hill near the gabbro are ledges of yellowish quartzite, — 
and not far away in the fields are several small outcrops of con- 
glomerate. The conglomerate and reddish sandstone represent the 
basal Potsdam. Farther east in the brook is an exposure showing | 
the contact with gneiss. This also is the reddish lower facies, To 
the south on the road to Putnam pond is an outcrop of a gray color, 


which represents the upper facies and is slightly calcareous, showin 
a gradation towards the Calciferous. 

These exposures all rest unconformably upon the quartzose gneiss, 
and the conglomerate contains pebbles of the same gneiss. $ 

The Crown Point area of Potsdam sandstone is a small remnant 
of the reddish yellow type. It has the usual strike of n. I0 e. and 
dip of 10 n. w. A pretty little postglacial canyon, with som 
cascades, is to be seen where the north branch of Putnam creek 
crosses this Potsdam area. Many loose boulders of Potsdam sand= 
stone and of Calciferous, Chazy and Trenton are scattered about 
the fields near this locality. These rocks are not glaciated but indi- 
cate the former presence of these formations in the valleys. 

The exposure on Trout brook shows interesting cutting of the 
stream channel laterally down the dip, with resulting cliffs on the. 
down-dip side. The rock is the reddish variety, with a strike of 
n. 20 e. and a dip. of 15 n. w. : 

Trenton limestone. In a cut of the abandoned railroad, about a 
mile west of Ironville, are a series of small exposures of dark gray 
limestone, containing typical Trenton fossils, A steep and very 
variable dip, with some variation in strike, points to the possibility 
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7 that these rocks were not in place, but since they showed no sign 
_ of glaciation they were regarded as probably representing an erosion 
q remnant. An interesting sheared zone was observed in one of these 
exposures. A strip about an inch wide had been slickensided and — 
completely recrystallized, the many fossils of the side walls com- 
- pletely disappearing. The sheared zone consisted of pure calcite, 
polysynthetically twinned. The following fossils were identified 
_ from this locality: 
Trinucleus concentricus . 
Calymmene senaria 
Ceraurus pleurexanthemus (Green) 
Bathyurus (? ) oan 
Protowarthia cancellata 


Dalmanella testudinaria 
Glossina trentonensis (Lingula attenuata Conrad, L. rectilater- 


alis Emmons) 

Platystrophia biforata 

Faults. Dislocations of varying magnitude are very widespread. | 
As no stratigraphy can be made out the amount of displacement 
can not be ascertained, nor is the age always capable of deter- 
mination. A prominent fault cliff extending some five miles in a 
n. 15 e. direction from Knob mountain has already been noted by 
Professor Kemp. The breccia of this fault is displayed in a cut 
of the abandoned railroad. As fine a scarp extends in the same 
general direction southwards from Bear mountain. There is a gen- 
eral parallelism among the various sets of faults in their general 
directions, but they often curve through a considerable angle. 
These northeast-southwest scarps are much the freshest and are 
probably the latest. 

The northwest-bearing fault along the base of Treadway moun- 
tain is interesting in that its breccia showed infiltrations of iron 
oxids bearing pyrite and scales of graphite. The graphite was 
here undoubtedly formed by a secondary deposition, but was prob- 
ably derived from the limestone or sandstone. Another set of 


faults strikes eastwest. 
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The numerous faults are outlined on the map. Their presence is 
usually indicated by a cliff, but some of the older ones have 
weathered so as to be recognizable only from a crushed strip. Many 
of these may have been overlooked in consequence of the dense 
vegetation and lack of paths or of outlook. 

Shear zones. About three miles west of Graphite are three par- 
allel gorges with an east-west direction, the largest of which is 
locally known as the “Ice gorge.” These three gorges are estab- 
lished along three shear-zones. The nearly perpendicular cliffs of 
the ice gorge are about 500 feet high, while those of the smaller 
gorges are about 200, The country rock is a porphyritic gneiss, 
with large orthoclase phenocrysts in a quartzose ground mass, and 
containing much biotite. The rock from the sheared zones presents 
‘a granulation of constituents with an infiltration of iron oxids. 

Small faults and shear zones are of almost universal occurrence 
in this region and traverse all types of rock. 

Foliation. This structure is common to all the Precambric 
rocks, and the general direction of strike is similar. A direction of 
n. 40 e. is the prevailing one, with low southeast dips. Since the 
direction of foliation is common to all the rocks, it must have a 
common origin; since no relation is shown between direction of 
foliation and any of the intrusives, the structure can not be due to 
igneous agencies. It appears to result from a thrust from the 
southeast, while the rocks were still deeply buried. 

A similar and later thrust when they were nearer the surface 
appears to be the cause of the faults. 

Joints, The Precambric rocks are extensively jointed, the joint 
planes running in all directions. The joints are usually vertical and 
as a rule only two sets, nearly at right angles to each other, are 
present. Occasionally a third, highly inclined joint is present. 
Their directions are too inconstant to be reduced to any system. 


PART 4 


Petrography 
It was found difficult to distinguish macroscopically among the 
basic phases of the three intrusive types—anorthosite, syenite and 
granite—since with increasing ferro-magnesian minerals they ap- 
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Fig. 1 Gooseneck pond; a faulted rock basin 


Fic. 2 Gooseneck pond; a faulted rock basin 
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proach each other. They also approach very closely to the fourth 
intrusive type, namely, the gabbro. It was possible, however, to 
trace these basic developments into masses typical of the classes to 
which they belonged, and with microscopic work the distinctions 
became clearer. On the map the areas were colored according to 
their genetic relationship and they were named according to the 
most prominent type of a single formation. The map is therefore 
not lithologically accurate, since rocks that could properly be named 
gabbro, or diorite, are included within both syenitic and granitic 
areas. Only those were mapped as gabbro which could be recog- 
nized as distinct in age from the other three intrusions. 

The relationships are further complicated by the intense meta- 
morphism, all four types frequently being gneissic. The granitic 
gneiss approaches the syenitic gneiss on the one hand, the sedi- 
mentary hornblende gneiss on the other, while anorthosite gneiss 
often resembles syenite gneiss or gabbro gneiss. Hence the only 
possibility of unraveling their relationships is by studying them over 
wide areas. 

The difficulty is further increased in that preglacial valleys were 
usually established along the contacts, these contacts now being 
masked by drift and swamp. 

The boundaries on the map are therefore subject to some doubt; 
in some cases several miles of swamp occupy the contact, in others 
gneisses appear to belong with almost equal accuracy to either of 
two types. But although the boundaries may be a matter of dispute, 
it is confidently believed that the high mountains in the northwest 
consist of anorthosite; that these are bordered on the east and south 
by a sedimentary belt; that Pharaoh mountain marks the central 
part of a granite intrusion, and that the mountains of the southwest 


consist of the syenite. 


Petrography of sedimentary rocks 


Hornblende gneiss. As before stated, this rock is extremely vari- 
able in mineral composition. Streaks of biotite schist are inter- 
bedded with it; granite, syenite, anorthosite, pegmatites and trap 
cut it. The country rock itself is variable in composition, and has 
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been highly metamorphosed and recrystallized. Thin sections of this 
rock from Mount Treadway exhibit quartz, feldspar, hornblende, 
biotite, piedmontite, magnetite and ilmenite. There is every evi- 
dence of intense metamorphism. The quartz is strained, with undu- 
latory extinction. The feldspar is mainly microcline, with sub- 
ordinate plagioclase, and both feldspars show strain effects. Anor- 


thoclase is often present. The plagioclase is usually oligoclase, but - 


both albite and labradorite are sometimes found. Large pink 
garnets are sometimes present. The biotite is a very black variety, 
pleochroic from black to pale brown, and often exhibiting pleochroic 
halos. The piedmontite is small in amount, but is present in nearly 
all the slides examined of this type of rock. 

Considerable variation in the amount of metamorphism is to be 
seen in this series, and some variation in the relative quantities of 
constituents. On Third Brother the maximum of strain is reached; 
some of the feldspars are bent through a large angle, and all feld- 
spar and quartz show undulatory extinction. Microcline is the pre- 
dominating feldspar. Piedmontite is abundant. Several brecciated 
zones were found on the sides of the mountain and near its top; 
at first sight they resembled serpentine dikes, but closer study showed 
them to be small shear zones. These fault breccias showed pre- 
vailing secondary minerals, quartz, epidote, chlorite and related 
minerals. Faint traces of hornblende were made out, nearly altered 
to chlorite with finely divided epidote and calcite. The plagioclase 
was completely altered to kaolin and saussurite. Some magnetite is 
present. Precisely similar rock occurs northwest of Penfield pond, 
and on the hill northeast of Paradox lake. The commonest type 
is somewhat less strained, with hornblende and biotite in about 
equal amounts, and with microcline, plagioclase and orthoclase in 
decreasing order of abundance. Quartz is always the most common 
mineral. 

On the mountain erroneously called Trumbull on the map (the 
local name is Ellis) is found the least altered variety of this rock. 
No microcline was present, but a larger proportion of orthoclase 
altering to kaolin and zeolites. The quartz was less strained; the 
biotites showed no halos; no piedmontite was found. 
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The quartz usually constitutes about 40% of the rock; feldspar 
over 50%; the remaining dark silicates being thus small in quantity. 
Unfortunately the rock was invariably too greatly weathered for an 
analysis to be accurate, but it is confidently believed that if such an 
analysis could be made the silica content would be high enough to 
place the rock without doubt among the sediments. | 

The biotite schist which forms bands in this gneiss and in the 
limestone is found to contain large quantities of quartz. Quartz 
forms from 20% to 30% of the rock and biotite is present in 
about the same amount. The remainder of the rock is made up 
of feldspars (microcline, albite, labradorite and oligoclase all being 
found, usually one variety predominating and one other being less 
in amount), garnet, zircon, apatite, and magnetite, in varying 
proportions. 

The probability concerning this gneiss is that it represents the 
base of the Grenville series, which has suffered from the meta- 
morphism common to the region as a whole, and which has experi- 
enced in addition an excessive amount of recrystallization and 
squeezing from being nearest to the intrusives. 

Sillimanite gneiss. Thin sections of the rock at Graphite show 
large garnets embedded in a mass of fibrous sillimanite. The silli- 
manite crystals show a roughly parallel arrangement. A little 
quartz is present and accessory zircon, pyrite and graphite. The 
foot and hanging wall are similar, except that the foot wall contains 
microperthite in addition to the minerals found in the hanging wall. 

The sillimanite gneiss from Bear Pond mountain contains similar 
shreds of sillimanite. Biotite is present in large quantities, the 
biotite being younger than the sillimanite. In the prevailing type 
shreds of biotite and of sillimanite are arranged in parallel groups, 
the terminal faces of both being lacking. Occasionally a sillimanite 
crystal is found cutting across the biotite at right angles to its long 
axis, and in such cases it is the sillimanite that has the perfect boun- 
dary. Accessory pyrite and rutile are sometimes present. 

Petrography of the igneous rocks 


Of the four types of igneous crystalline rocks found on the Para- 
dox Lake quadrangle—granite, syenite, anorthosite, and gabbro— 
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only two, the anorthosite and gabbro, were recognized as intrusives 
in the preliminary report on the region. ‘The granite and syenite 
together constituted a “ doubtful” area which was, for convenience, 
called “ Series 1,” the presumption being that they were older than 
the limestone and possibly to be correlated with the Ottawa gneiss 
of Canada. 

Granite. The granite of the Paradox Lake quadrangle is usually 
gneissic. 

It is believed to be igneous because of its constant composition 
over wide areas; it is regarded as intrusive into and younger than 
the sedimentary hornblende gneiss because of the small dikes and 
pegmatites which appear to radiate from the granite, cutting the 
sedimentary gneiss. 

In no case could a true intrusive contact be found. In most 
localities where the two gneisses come together, or where the massive 
granite gneiss is in contact with the limestone, faulting is found to 
be the cause. Where there is no fault in evidence, the contact is 
obscured by swamps. 

In mineralogy this granite-gneiss is very constant. It contains 
hornblende, orthoclase, plagioclase and quartz, with occasional acces- 
sory biotite, muscovite, magnetite, pyroxene, apatite and zircon. 
Some slides of this rock present the normal appearance of a horn- 
blende granite, but usually the minerals are drawn out into gneissic 
bands, the orthoclase changed to microcline; the quartz showing 
undulatory extinction ; the hornblende bent and twisted but unaltered 
optically. Tiny shear zones are common, filled with secondary 
quartz, chlorite or zeolites. Secondary garnets are occasionally 
present, but are not so common as in the more basic rocks. Inter- 
growths of quartz and orthoclase (micro-perthite) are common. 

Another variety is porphyritic, with phenocrysts of orthoclase. 

Still another variety is that which contains the Hammondville 
ores. This type is conspicuous in the absence of ferro-magnesian 
minerals, consisting mainly of quartz, microperthite and plagioclase. 
A scattering of magnetite grains with very rare hornblende are 
present as slight accessories. The hornblende is usually brown. 
Occasionally the green variety is found. 
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The quartz sometimes occurs in grains, but more often, especially 
in the crushed varieties, in lenses. Evidently in some cases the 
quartz has been enriched secondarily. 

The structure is frequently cataclastic, the constituents appearing 
to be in grains resulting from the crushing of larger crystals. The 
tocks possessing this structure pass by insensible gradations into 
true granites, and there can be little doubt that the gneisses exhibit- 
ing this structure are crushed portions of the granite. 

The rock found in Pharaoh mountain is the most wide-spread type. 
It presents a general pink appearance in the hand specimen, and 
under the microscope proves to be a hornblende-granite-gneiss. 

The Pharaoh type contains about 50% of feldspar. Predominating 
orthoclase, with accessory albite or oligoclase, is probably the normal 
composition, but these have usually been replaced by microcline and 
microperthite. Primary quartz constitutes about 30% of the rock, 
although the actual quartz content is almost always increased by 
the presence of secondary lenses and veinlets. The remaining 20% 
is made up of hornblende and the accessory minerals. 

Syenite. As already mentioned, the syenite of the Paradox 
region belongs to the syenite type of Cushing and of Smyth. The 
preliminary reports on the Paradox region were published before 
this type was recognized, and it was included within the “ doubtful ” 
area. 

In thin section a cataclastic structure is commonly found. There 
is much variation in mineral contents, there being a complete grada- 
tion from an augite syenite containing microperthite to a type closely 
resembling the granite and consisting essentially of hornblende, 
microperthite, subordinate augite, quartz and a little biotite. There 
is constant likeness between this type and the granite of Mount 
Pharaoh in the presence of intergrowths of several different min- 
erals. Microperthite (consisting of intergrowths of orthoclase and 
albite) is a normal component, and less frequently there occurs 
(in the syenite only) an intergrowth of green augite with bronzite 
or hypersthene. Quartz is usually present in the syenite, and its 
often elongated lens-like form suggests that it is secondary. Some 
primary quartz is present also. The pyroxene is a bright emerald 


green variety. 
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The syenite from the southeastern area contains as essential min- 
erals microperthite, a deep green nonpleochroic augite, small 
amounts of hornblende and of quartz, with accessory apatite, mag- 
netite, zircon and garnet, the last named perhaps secondary. 

The syenite from the area on the eastern shore of Schroon lake 
contains relatively more hornblende and more quartz. 

In the Crown Point area labradorite is present in addition to 
microperthite. 

Within the anorthosite area of the Blue Ridge, about a mile from 
the boundary of the syenite, are three dikes which cut the anorthosite. 
These dikes contain green augite, labradorite, and very abundant 
garnet. They appear to belong with the syenite intrusion, and if 
so, would indicate that the syenite is younger than the anorthosite. 

Anorthosite. Anorthosite is a coarse grained rock of the gabbro 
family, presenting the extreme of the series rich in feldspar. Some 
occurrences consist of pure plagioclase. 

In its massive phases the rock is quite fresh. The plagioclase is 
twinned according to both pericline and albite laws. It is always 
labradorite. Hypersthene, pleochroic from pink to green, and a pale 
green, normal augite are the only other minerals which occur in 
appreciable quantities. The structure is irregular, the bisilicates 
being grouped together and not evenly distributed through the rock. 
Associated with the grouping of constituents is a variation in size 
of grain. When crushed, the dark patches are pulled out into len- 
ticles, or into gneissoid banding. Similar sudden variations in tex- 
ture have been noted by Professor G. H. Williams, in the Baltimore 
gabbros.! 

Hornblende, biotite and orthoclase may be present in small quan- 
tities, with accessory or secondary magnetite, titanite, ilmenite, apa- 
tite, chlorite, epidote, garnet, zircon and spinel. 

An extensive series of metamorphic effects can be seen. In the 
northwestern portion of the quadrangle the rock is uniformly mas- 
sive, except when brecciated by faulting. The labradorite. crystals 


*G. H. Williams. “The Gabbros and Associated Hornblende Rocks Occur- 


ring in the Neighborhood of Baltimore, Maryland.” U.S. G. S. Bul. 28. 
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show their characteristic irridescence and are an inch or more in 
length. Farther south and east, along a zone beginning a few miles 
from the border of the intrusion, the rock is granulated and a cata- 
clastic structure is seen in thin section. If present, the bisilicates 
are drawn out into irregular bands. If slightly more crushed the 
rock becomes a gneiss, and as the granulated labradorite is white, it 
becomes a matter of some difficulty to distinguish in hand specimens 
between gneissic anorthosite and the sedimentary gneiss. It was 
this banding which led Emmons to claim a sedimentary origin for 
the rock. The extreme of metamorphism is seen in a complete 
mashing and the development of new minerals. On the hill north- 
west of Paradox lake is a variety which in the hand specimen is an 
even white color, with no constituent minerals distinguishable, and 
with large secondary garnets embedded in the white mass. In thin 
section this white rock is found to consist of broken pieces of plagio- 
clase, and in general the whiter the rock the more complete the 
granulation. The completely granulated rock resembles a massive 
limestone. If ferro-magnesian minerals are present they may be 
drawn out into gneissic bands with a cataclastic structure. Garnet, 
secondary after pyroxene, often occurs. These intensely granulated 
anorthosites frequently contain titaniferous iron ore. Prof. Frank 
D. Adams! has suggested that these ore bodies may be due to a 
gathering together, from crushing, of minute inclusions previously 
contained in the feldspar. The area in Canada which he describes 
is remarkably similar to the one under consideration, but the Adiron- 
dack area does not contain such an extensive amount of black dust 
in its labradorite. Titaniferous magnetite occurs in occasional crys- 
tals in the massive anorthosite, and its formation appears to be that 
of a local gathering together of constituents analogous to that of the 
grouping of the bisilicates. The dark silicates are more abundant 
in the peripheral portion of the intrusion. 

The irregularities in size of grain and in distribution of constitu- 
ents must be due to processes taking place during consolidation. 
Whether the processes are chemical in their nature or physical, or 


if D. Adams. Geol. Survey of Canada; Rept J. 1895. v8. 
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whether varying specific gravity of the minerals is a factor in their 
localization is yet to be demonstrated. The granulation of the mas- 
sive rock and the gneissic banding are undoubtedly secondary 
effects, having taken place after the consolidation of the rock as a 
result of pressure. 

Garnet is the only undoubtedly secondary mineral present except 
those which are subsequently caused by a local shear. The occur- 
rence of such intense granulation without a corresponding change in 
mineralogy (augite to hornblende or uralite, feldspar to saussurite 
and albite, etc.) is unusual. Prof. Frank D. Adams, in the report 
already cited, suggests that movement must have taken place while 
the rock was deeply buried and at a high temperature. The deep 
burying accounts for the absence of shearing effects; the high tem- 
perature for the lack of secondary hornblende, which needs low 
temperature for its production. The Adirondack occurrence is pre- 
cisely similar to the Canadian one here described. 

Gabbro. The gabbro proper is a basic variety, consisting of lab- 
radorite, green monoclinic augite, titanite, sometimes hypersthene 
and occasionally olivine. It usually presents an ophitic texture, with 
broad laths of feldspar which have the ferro-magnesian constituents 
between them. With increasing hypersthene the gabbros pass into 
norites; with increasing ilmenite and titaniferous magnetite the 
gabbro passes into the titaniferous iron ores. 

The anorthosite and gabbro illustrate the familiar truth that basic 
rocks are more liable to vary than acid ones. The gabbro family 
appears to be particularly variable, as is evident from a comparison 
of the mineralogy of the various types. The gradation from a pure 
labradorite rock on the one hand to a titaniferous iron ore on the 
other is a much greater change mineralogically and chemically than 
is ever known in so small an area among granitic rocks. 

The gabbro area near Johnson pond presents a series of grada- 
tions from a dark garnetiferous gabbro to a labradorite rich variety, 
which is practically a pyroxenic anorthosite. In the northern part 
of this area the more typical gabbro occurs, and its contact with the 
anorthosite is distinct and suggestive of an intrusion of the gabbro 
into the anorthosite. In the southern part, however, on Peaked hill, 
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there is considerable confusion, gabbroic bands alternating with 
anorthosite in an astonishing manner. The southern and eastern 
boundary of the area was difficult to determine because of this alter- 
nation and gradation of types. In the extreme eastern portion of 
the area mapped as gabbro there is a rock which seems to repre-- 
sent crushed gabbro. It consists of garnet, of almost microscopic 
size, which gives the rock in the hand specimen the appearance of 
a granular aggregate of little garnets. The same rock is found ina 
series of dikes on top of the mountain 1742 feet high, slightly north 
of east of Peaked hill. 

In thin section the garnet rock is found to be a true gabbro, con- 
taining green pyroxene, labradorite, diallage, titaniferous magnetite 
and garnet. These small dikes differ from the commoner bosses in 
being of finer grain; in having relatively greater abundance of 
garnets, and in the presence of diallage. 

The occurrence of the small garnetiferous dikes in the anorthosite, 
and also along the contacts of gabbro and anorthosite, suggests 
their peculiar structure as due to contact effects. They are certainly 
a part of the gabbro intrusion, and their occurrence indicates that 
the gabbro is later than the anorthosite. 

The gabbros are usually crushed, and then develop gneisses which 
can not be distinguished from the gneissic development of the gabbro 
phase of the anorthosite, nor from the gabbroic part of the syenite, 
nor from some areas found among the granites. 

The gabbros are frequently granulated and show gradations sim- 
ilar to those seen in the anorthosite. There appears also to have 
been recrystallization in the gabbros. The plagioclase contains many 
fine black inclusions which may be either pyroxene or titaniferous 
magnetite, or both. They are apparently inclusions, not alteration 
products. Similar inclusions have been described by many writers 


on gabbros.1_ Reaction rims are common. 


1G. H. Williams. U. S. G. S. Bul. 28. 
F. D. Adams. Uber das Norian oder Ober-Laurentian von Canada. Neues 


Jahrbuch. Band 8, p.425. 
A. C. Lawson. Anorthosites of the Minn. Coast of Lake Superior. Minn. 


Geol. Survey Bul. 8. 1803. p.8. 
J. F. Kemp. Gabbros on the Western Shore of Lake Champlain. Bul. 


Geol. Soc. Am. 5:213-24. 
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Summary and conclusions 


The investigation of the gneissic area resulted in showing the 
possibility of splitting up the “doubtful gneiss ” of earlier reports 
into three types: (1) Syenite, which is igneous in origin and is in all 
respects similar to the syenite previously described in other Adiron- 
dack localities. (2) Granite. (3) Quartzose gneiss of sedimentary 
origin, which may be the rock that has sometimes been termed 
- “ gneiss of the limestone series.” The syenite is without doubt a 
plutonic igneous rock, and although gneissic phases are common, 
completely massive ones predominate. The granite is more com- 
pletely gneissic, and for that reason there is less certainty in deter- 
mining it. Both syenite and granite are alike in presenting varia- 
tions in the percentages of ferro-magnesian constituents. The third 
type of gneiss is the most highly metamorphosed. It contains so 
many intrusions of small size both of syenite and of granite that it 
was found impossible to mark them off in mapping. It was further 
altered by secondary infiltration of quartz, both in the form of large 
veins and of disseminations of microscopic size. 

The presence of these small intrusions affords evidence that the 
granite and syenite are younger than the quartzose gneiss; and the 
character of the rock, its macroscopic and its microscopic appear- 
ance, and the topography of its mountains point toward a sedi- 
mentary origin. Its frequent association with the limestone (occur- 
ring sometimes in thin layers folded with the limestone, sometimes 
in hills while the limestone occupies the intervening valleys) points 
toward the conclusion that this quartzose gneiss is a member of the 
limestone series. Since this gneiss underlies the limestone, and also 
underlies the other gneisses which are of sedimentary origin, it is 
thought to represent the base of the Grenville series. In its basal 
position is to be found the explanation of the great number of 
intrusive masses which render this rock so difficult of interpretation 
in the field. Being at the bottom of the sediments, it formed the por- 
tion most subject to alteration from the intrusions, and it now con- 
tains within its mass remnants of what were apophyses from the top 
of the intrusions. 
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Of the relative aaa of the intrusives, the only evidence is that of 
somewhat doubtful dikes. Some of the dikes are undoubtedly 
gabbro and cut all the other Precambric intrusives; others may be 
syenites and cut anorthosite, and possibly granite. Granted that 
these dikes cutting granite are not syenite, the field relations point 
strongly to the younger age of the granite. Both in this region and 
elsewhere! the syenite is bordered by granite, the granite being much 
more gneissic than the syenite. Gradations between the two are 
common. It seems most reasonable to regard the granite as a 
border development of the syenite, derived from the same magma, 
and very slightly younger in age. 

Regarded from this point of view the Adirondacks form a well 
marked petrographic province, presenting rocks with very great 
variations in composition, grading from ultrabasic to acid, but all 
to be regarded as derived from one magma by differentiation. 

The great complexity of Adirondack structure results from the 
fact that these intrusives, together with the sediments of the Gren- 
ville series, into which they were intruded, have all been crushed 
so as to present similar planes of foliation, and at a later time have 
been extensively faulted. 


PART 5 


Economic geology 


Graphite. Graphite and iron ores are the only products of 
economic importance. The graphite is mined at two localities, and 
occurs in many places on the quadrangle. The demand for graphite 
in fine scales is limited, hence the industry has not developed to the 
full extent of the workable material. The mines at the town of 
Graphite have already been described by Professor Kemp;' the 
graphite there occurs as drawn-out flakes among quartz grains in a 
layer bounded above and below by the garnet-sillimanite gneiss. 
There has been faulting, and the graphite has suffered from a shear 
along the bedding. At Rock pond, where a small mine has recently 


141, P. Cushing. “Recent Geologic Work in Franklin and St. Lawrence 
Counties.” N. Y. State Geol. 20th An. Rept 1902. p. 123-182. 
2N. Y. State Geol. 17th An. Rept 1809. .539- 
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been opened, it also occurs along a line of movement in a gneiss 
which is probably of sedimentary origin but is not graphitic. In 
various other localities prospect holes have been opened, and where- 
ever successful there is evidence of shearing. The sandstones and 
limestones which are charged with small amounts of graphite are not 
far from all of these openings, but the wall rock is apparently never 
a markedly graphitic one. Less than half a mile east of the Rock 
pond locality the graphitic sandstone occurs on North pond; the 
drill cores at Graphite went through graphitic limestone. It there- 
fore appears as though the graphite deposits were a result of impreg- 
nation along a line of weakness by some products, possibly volatile 
hydrocarbons, originating from the distillation of originally fossilif- 
erous sediments. 

Thin sections of the shear zone at the western front of the cliffs 
of Treadway mountain reveal flakes of graphite. The bounding 
rock is the quartzose gneiss of probable sedimentary origin, and the 
graphite flakes appear secondary and are evidently related to an 
infiltration of iron-charged solutions. Pyrite invariably occurs asso- 
ciated with the graphite, and sometimes limonite and magnetite as 
well. Any theory of the origin of graphite must explain its associ- 
ation with these iron compounds. 

Dr Ernst Weinschenk has recently published a series of papers 
entitled “ Zur Kenntniss der Graphitlagerstatten,”’ in which he takes 
up occurrences of graphite in various European localities. He finds 
that graphite may occur either as a result of contact metamorphism 
from a large intrusion of any kind into a calcareous formation, or 
from injection in gaseous condition along planes of weakness in a 
disturbed area. He finds that graphite is never to be regarded as 
the final step in the process of coal formation, and that at least in 
the Alps and in Ceylon the graphite is not due to regional or to 
dynamic metamorphism. 

The Adirondack graphite is plainly of two kinds: that present as 
an accessory constituent of the limestone and quartzite, and that 
occurring in a secondary position along fault lines. The latter 
occurrence appears analogous to that described by Weinschenk as 
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Plate 17 


A graphite nodule in limestone. Ironville road 
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_ intrusive along planes of weakness, and can only be explained as an 


injection of carbonaceous and ferruginous materials in a fluid or 
gaseous condition. A reducing action of iron compounds on 
hydrocarbons might result in the formation of the graphite and 
pyrite which we constantly find associated. ; 

But the widespread dissemination of graphite scales in sedimen- 
tary limestone and quartzite can best be explained on the organic 


hypothesis. There seems no possibility of any origin but that of a 


metamorphic product from some original constituent of the rock, 
and regional metamorphism is the only process by which it can 
reasonably be supposed to have been formed. It seems most prob- 
able that the original limestone and sandstone were heavily charged 
with organic material which in the Prepotsdam period of meta- 
morphism was completely reduced and in some part volatilized. 
The organic material thus reduced remains in its original position 
as graphite, while the volatilized portions spread along every avail- 
able plane of weakness and form the deposits of economic 
importance. 

Titaniferous magnetite. Titaniferous iron ores appear on Moose 
mountain. The occurrence of these ore bodies is evidently to be 
explained in the same way as the aggregation of minerals in the 
anorthosites. The titaniferous ores always occur in the anorthosite, 
or gabbro, and represent the extreme development in the direction 
of producing an aggregation of iron minerals. The process ‘is 
entirely analogous to that of the production of anorthosite from 
gabbro by increase in feldspar, or of pyroxenite from gabbro by the 
decrease in augite. There is no evidence of intrusion, nor of vein 
formation in the occurrence of these ores, nor have they any relation 
to faults or crushed zones. The titaniferous iron ores of the 
Adirondacks have been fully treated by Professor Kemp.1 

Nontitaniferous magnetites. Reference has already been made in 
Professor Kemp’s preliminary report? to the magnetite deposits of 
Hammondville and to the Schofield ore body. Both deposits occur 
in the granite of a type containing almost no ferro-magnesian 


1U. S. G. S. roth An. Rept pt 3. Pegweric Cosiors. D.379-422. 
2Geology of Essex County. N. Y. State Geologist An. Rept for 1893 


and 1895. 
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‘minerals. Both localities are very extensively faulted; the face of 
Skiff mountain shows a fault cliff, and at Hammondville fault 
breccias are of frequent occurrence. | 

Magnetite was found by the writer in the Desolate brook valley, 
southwest of Pharaoh mountain. It had been tapped by a mine, 
apparently long abandoned. The foot and hanging walls were of 
the same type of granite as those of the former localities. 

These deposits are in striking contrast to the titaniferous ore 
bodies, the magnetites showing no intimate relation to the wall rock. 
The conclusion seems inevitable that they are foreign to the granite, 
and produced in connection with one of the later intrusions, prob- 
ably secondarily enriched by percolating water. Similar ores near 
Port Henry? have been described by Professor Kemp. There the 
ores are associated with an igneous intrusion of gabbro; they are 
always within an acid gneiss, but their proximity to the gabbro ren- 
ders their origin as contact occurrences the most reasonable view. 

The Hammondville and Schofield ore bodies are cut off by faults 
from all neighboring intrusions, but their most probable relationship 
seems to be with intrusive action. 

The alternative hypotheses would be either to regard the mag- 
netite as a metamorphosed sedimentary bed and the Hammondville 
gneiss as a sediment, which is improbable in view of its similarity 
to the Pharaoh granite; or else to consider it a magmatic segregation 
from the granite, which seems improbable in so acidic a rock, notably 
poor in iron. 


ye RK Kemp. Geology of the Magnetites near Port Henry N. Y. and 
especially those of Mineville. Trans. Am. Inst. Min. Eng. 1897. 
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